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Abstract 
Large mammalian carnivores have experienced significant contractions in population sizes 
and geographical ranges. The conservation of large carnivores is crucially important, 
particularly due to their vulnerability to extinction and their functional significance and ability 
to structure ecosystems. Due to an expanding human footprint, large carnivores are 
increasingly subject to modified and spatially constrained habitats. A growing debate exists 
as to how to conserve and coexist with large carnivores in an anthropogenically induced 
environment. Reintroduction, as a conservation tool to restore locally extirpated large 
carnivores to portions of their former ranges is increasingly being applied. However, in South 
Africa, habitat to support large carnivores remain small and non-contiguous.  
Food is a fundamental ecological requirement to sustain reintroduced large carnivores. 
Therefore, an understanding of large predator foraging patterns can be informative in the 
context of how the predator species influences and utilises a novel ecosystem. We 
investigated the foraging behaviour of reintroduced African wild dog (Lycaon pictus) at five 
small protected areas in KwaZulu-Natal, South Africa. Wild dog utilised 16 prey species, albeit 
they primarily used nyala (Tragelaphus angasii) and impala (Aepyceros melampus) which 
collectively form 75 % of their diet. Only nyala was significantly preferred, suggesting that this 
prey species is used in greater proportion to their abundance. As wild dogs are social 
cooperative hunters, we tested whether wild dog pack size was correlated to prey mass 
selection. There was no evidence to suggest that larger packs use larger prey. However, the 
mean wild dog pack size in our sample sites, was relatively smaller than those encountered 
elsewhere. Furthermore, wild dog have been shown to modify their hunting behaviour in the 
presence of wildlife-proof fencing, by using fences to aid in the capture of larger prey species 
than would innately occur. We compared the prey mass of wild dog kills in relation to 
proximity of these hard boundaries. Despite the affinity towards kills occurring within 200 m 
of fences, the upward bias caused by fences on prey mass selection was inconsistent across 
sample sites.  
The relatively small size of wild dogs makes them particularly vulnerable to competition. As 
the energetic output of wild dog is high, interspecific competition can increase foraging costs. 
The reintroduction of large carnivores to small artificially induced systems may be a 
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contentious issue as resources available to support large carnivores are expected to be 
relatively more finite. We compared both the potential inter- and intraspecific dietary niche 
dimensions of an intact large carnivore guild in context of a wild dog reintroduction. We 
determined cheetah (Acinonyx jubatus), leopard (Panthera pardus), and lion (Panthera leo) 
prey composition, diet breadth, overlap, prey preference and predicted the density of an 
intact large carnivore guild in a novel landscape. Further, we compared the foraging 
behaviour of these large carnivores to that of wild dog. Our findings suggest that large African 
carnivores in small protected areas are subject to a considerable dietary niche overlap. Wild 
dog and cheetah, particularly reproductive females with dependent offspring, displayed the 
greatest potential for dietary overlap and subsequent competition. Leopard and lion at the 
population species level exhibited greater degrees of foraging plasticity. Lion displayed a 
contrasting prey species preference to sympatric predators as they selected for prey items 
frequently avoided by cheetah, leopard and wild dog. 
The proposed wild dog reintroduction site is expected to sustain seven wild dog based on the 
availability of preferred prey biomass. However, the reintroduction of wild dog to the small 
protected area is expected to have negative lateral trophic influences on other species of 
conservation concern. This should be of vital importance to management of the protected 
area.  
As the influence of competition in food-web and population dynamics, particularly in resource 
poor environments may be profound, our research highlights the need to assess the influence 
of competitive forces in structuring and restoring large predators to portions of their historical 
range. 
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Thesis layout 
This study sought to improve the current understanding of the ecology of reintroduced 
African wild dog in small protected areas by characterising their feeding ecology and potential 
competition with sympatric large carnivores. The foraging patterns, ecological carrying 
capacity, and competitive coexistence frequently govern a species reintroduction outcome. 
Understanding these underlying factors will assist in assessing the suitability of a proposed 
reintroduction attempt. The thesis is presented as six chapters. Chapters 4 and 5 are written 
as stand-alone manuscripts for publication in peer-reviewed journals, dictating some 
replication and non-uniform formatting. Each chapter nonetheless contributes to the central 
theme of the dissertation. The dissertation is structured as follows: 
Chapter 1 - Introduction. This chapter provides a general introduction to reintroduction 
biology and approaches employed to conserve large carnivores in fragmented landscapes. 
The foraging behaviour and potential for competition are discussed and the rationale of this 
study is provided. 
Chapter 2 - Study species. This chapter discusses large carnivore ecology. As African wild dog 
are the foci species, the bulk of information is allocated to providing an account of African 
wild dog ecology. 
Chapter 3 - Study area. This chapter provides an overview of the small protected areas in 
KwaZulu-Natal where African wild dog have been reintroduced which formed part of this 
study. Furthermore, the chapter provides greater detail on the study site (Phinda Private 
Game Reserve) used to assess the feasibility of a potential wild dog reintroduction. 
Chapter 4 - The foraging ecology of reintroduced African wild dog in small protected areas. 
This chapter characterises the diet and foraging behaviour of reintroduced wild dog. The 
chapter describes the prey composition, prey preference, and influence of pack size and 
fences on African wild dog diet.  
Chapter 5 - Niche overlap and dietary resource partitioning in a large African carnivore guild: 
implications for African wild dog reintroductions. This chapter determines the potential 
dietary competition amongst a large carnivore guild and subsequent ecological carrying 
capacity.  
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 Chapter 6 - Research findings and management recommendations. This chapter synthesises 
the findings from the previous chapters, which can be used to guide management decisions 
of African wild dogs in small protected areas.  
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Introduction 
In this chapter, a general introduction to the conservation and threats faced by large 
carnivores is provided, to place my research in a general context. Reintroduction as a 
conservation tool to restore extant large carnivores to portions of their historical ranges is 
discussed. Furthermore, the foraging behaviour and the influence of competition and 
coexistence is highlighted in context of a potential African wild dog (Lycaon pictus) (wild dog 
hereafter) reintroduction. The aim of this chapter is to highlight the importance, but also the 
uncertainty in restoring an extant large carnivore.  
Large carnivores in the “Anthropocene” 
The order Carnivora comprises of 245 extant terrestrial species that inhabit nearly every 
major habitat type on the globe (Hunter and Barrett, 2011; Ripple, Estes, et al., 2014). 
However, at least 61 % of the worlds large carnivores (> 15 kg) are threatened with the risk 
of extinction (Ripple, Estes, et al., 2014). Populations of large terrestrial mammalian 
carnivores are experiencing precipitous declines and significant contractions in geographical 
ranges (e.g. Bauer et al., 2015, Jacobson et al., 2016, Durant et al., 2017). Unless conservation 
mechanisms to halt extirpation are imminently and widely applied (Barnosky et al., 2011), the 
world’s biological diversity may be rapidly exposed to an accelerated declining trajectory, 
described as the sixth mass extinction (Ceballos et al., 2015). 
Extinctions are regarded as perpetual (McCallum, 2015). However, contemporary extinctions 
are ubiquitously largely driven by anthropogenically induced environmental changes (Dirzo 
et al., 2014; van der Kaars, et al., 2017). Large carnivores are exposed to numerous threats 
including: a depletion in their prey base ( Wolf and Ripple, 2016; Sandom et al., 2017), climate 
change (Gormezano and Rockwell, 2013; Woodroffe, Groom, and McNutt, 2017), diseases 
(Butler, Du Toit, and Bingham, 2004), persecution by humans (Woodroffe, 2000; Woodroffe 
et al., 2007), unethical trophy hunting practises and the trade or consumptive utilisation in 
body parts for traditional purposes (Balme, Slotow, and Hunter, 2009). Despite the cumulative 
impacts of these threats, a major recurring theme to large predator survival is habitat loss 
and fragmentation of habitat (Crooks et al., 2011; Ripple, Estes et al., 2014). Many natural 
habitats are persistently experiencing a perilous trajectory towards transformed or degraded 
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states (Oakleaf et al., 2015). Therefore, suitable habitat to support large predators is 
progressively restricted to isolated pockets, immersed within an anthropogenically induced 
land-use matrix (Crooks et al., 2011). For example, tigers (Panthera tigris) which once roamed 
widely across Asia have experienced three sub-species extinctions in recent history (Weber 
et al., 1996). As burgeoning human populations continue to incite significant tiger range 
contractions, wild tigers are estimated to occupy less than 6 % of their historical range 
(Dinerstein et al., 2007; Walston et al., 2010). Comparatively, large carnivores are 
characterised by being disproportionally vulnerable to human activities in context of their 
immense ecological requirements. Large predators have wide ranging tendencies with high 
energetic constraints, low reproductive rates and are therefore susceptible to the influence 
of an expanding human dominated landscape (Carbone et al., 1999; Cardillo, 2005).  
Throughout the 20th Century, many ecosystem management actions were largely based on 
resource driven, bottom-up models (Miller et al., 2001) and neglected to acknowledge 
functioning trophic dynamics and resource facilitation by large predators. We are only 
beginning to recognise the significance of ongoing large carnivore declines, particularly as 
their large-scale absences from landscapes are increasingly believed to have detrimental 
influences on an assortment of biodiversity and ecosystem functions (Ripple, Estes, et al. 
2014; Morris and Letnic, 2017). The intrinsic value that predators play, directly and indirectly 
in shaping ecological communities is now increasingly being recognised (Ripple, Estes, et al. 
2014). The validity of previous research is largely contested (Creel 2011; Middleton et al. 
2013). However, large carnivores are generally believed to structure ecosystems through 
numerous path-ways. They can influence the distribution and abundance of herbivores, and 
potential competitors through predation and intra-guild competition, ultimately extending 
down entire food-webs (Ripple, Estes, et al. 2014). A classic and probably most notorious 
example of a trophic cascade scenario would be the “wolf-elk-aspen” ecological case study 
(Ripple, Beschta, et al. 2014). After an absence of seven decades, the restoration of gray 
wolves (Canis lupus) in Yellow Stone National Park has had far reaching cascading influences 
(Beschta and Ripple, 2015) and implications for the riparian hydrology and biodiversity of the 
protected area (Baril et al. 2011; Beschta and Ripple, 2016). Elk (Cervus elaphus), being the 
primary prey for grey wolves, altered their behaviour due to predatory risks, allowing young 
woody browse species to grow taller and increase in canopy cover in some areas (Ripple, 
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Beschta, et al. 2014). A decrease in elk abundance through predation further increased both 
beaver (Caster Canadensis) and bison (Bison bison) densities due to the competitive release 
from elk (Ripple and Beschta, 2012). The restoration of an apex predator into the landscape 
has thus proved to be a catalyst in the ecological recovery and restructuring of the parks’ 
ecosystem through passive restoration.  
Despite their vulnerability to extinction, conservation aimed at large carnivores can thereby 
be ecologically warranted due to the broader benefits to biodiversity (Estes et al., 2011). 
Given the ongoing corrosion of large carnivore populations, protected areas are a cornerstone 
for biological diversity preservation of carnivores and other species. However, the current 
network of protected areas does not efficaciously embody the desired extent of biodiversity 
protection (UNEP-WCMC and IUCN, 2016). Lindsey et al. (2017) identify three mechanisms 
that can contribute towards the recovery of large carnivore (and other mega-fauna) 
populations, namely: the upgrading and expansion of protected areas that conserve large 
carnivore landscapes, augmenting the fiscal capital available for conservation, and 
“rewilding” landscapes. The Parties under the Convention of Biodiversity (CBD) have adopted 
an overarching strategic plan (2011-2020) which contain a collection of five goals known as 
the Aichi Biodiversity Targets to promote biological diversity for human well-being. One 
strategic goal is to increase the surface of protected areas to at least 17 % by the year 2020. 
However, formally protected terrestrial areas currently cover approximately only ± 15 % of 
the surface of the globe (UNEP-WCMC and IUCN, 2016). In countries such as South Africa, 79 
% of land is presently privately owned (Clements, Cumming, and Kerley, 2016b). As a result, 
the significant portion of land owned by the private sector has consequently become an 
imperative contributing factor to overall national conservation efforts (Clements, Baum, and 
Cumming, 2016a; Drescher and Brenner, 2018), and can therefore assist in achieving the 
conservation strategies described by Lindsey et al. (2017).  
Reintroduction as a conservation tool 
In response to the dramatic and alarming decline in large predator populations, conservation 
practitioners have had to develop innovative devices to promote the recovery of large 
carnivores. Despite the challenges within the context of conserving large carnivores, one such 
method increasingly employed is reintroduction (Hayward and Somers, 2009). The 
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International Union for the Conservation of Nature (IUCN) defines reintroduction as the 
deliberate movement of species into regions within their indigenous range from which the 
species has been extirpated (IUCN/SSC, 2013). However, the value of reintroducing large 
carnivores still remains much disputed, as a considerable number of species reintroductions 
across a variety of taxa have been unsuccessful (Jule, Leaver, and Lea, 2008; Wimberger, 
Downs, and Perrin, 2009; Bennett et al., 2013; Richardson, 2016). Hence, they often have 
questionable long-term tangible contributions to the conservation of the species (Slotow and 
Hunter, 2009). 
Despite the large spatial requirements and human discordance, large carnivores have become 
frequent reintroduction subjects across Southern Africa, more particularly into small confined 
protected areas (< 400 km2). As a result of legislative changes transpiring from the 1960s, 
landowners were granted user rights over wildlife (Bond et al., 2004; Lindsey, Romañach, and 
Davies-Mostert, 2009). Landowners were therefore able to derive financial gains from locally 
occurring wildlife on their properties (Bond et al., 2004). The maturation of the wildlife 
industry since the 1960s has subsequently encouraged an alteration in land use patterns by 
the private sector and has brought about large shifts in land utilization from agriculture and 
livestock farming to conservation and game ranching (Sims-Castley et al., 2005). The 
expansion of conservation estate in South Africa has facilitated the reintroduction of 
carnivores to small protected areas as a mechanism to generate economic activity derived 
from nature-based tourism (Clements et al., 2016b). Tourist wildlife viewing preferences are 
frequently focused on a concentrated range of species, primarily those of charismatic value 
(Di Minin et al., 2013). Subsequently, small protected areas often capitalize on these biases, 
by stocking charismatic species such as large predators to achieve tourist satisfaction 
(Maciejewski and Kerley, 2014).   
As large carnivores may have the ability to influence ecosystem dynamics through multiple 
pathways, large carnivores have also been reintroduced by conservation practitioners as a 
mechanism to restore and promote the ecological integrity of an area. This has primarily been 
promoted through the purpose of inciting trophic cascading (Hayward et al., 2007). Large 
carnivore reintroductions have also occurred as a legal mandate (Rees, 2001) and lastly to 
create additional populations of endangered species to mitigate the threat of a stochastic 
event on a single population (Davies-Mostert, Mills, and Macdonald, 2015). Regardless of the 
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strategic motive for restoring large carnivores, as most of these reintroductions have occurred 
within formal or informally protected areas, these remnants of habitat remain a cornerstone 
for the preservation of biodiversity (Di Minin et al., 2016).  
Factors influencing reintroduction outcomes 
The factors that influence reintroduction outcomes may be multifaceted (IUCN/SSC, 2013), 
such as predation by humans and carnivores (Grey-Ross, Downs and Kirkman, 2009; 
Hardman, Moro and Calver, 2016), habitat connectivity (Ziółkowska et al., 2016), source 
population characteristics, population establishment size and the extent of the factor causing 
the original decline (Fischer and Lindenmayer, 2000). Sufficient food resources are one of the 
fundamental requirements for large carnivore reestablishment (Hayward, O’Brien, and 
Kerley, 2007). As large carnivore survival is contingent on the availability of food (Wolf and 
Ripple, 2016), an understanding of their prey composition, prey preferences, influence of 
artificial boundaries, and pack size-prey selection is discussed in context of a prospective wild 
dog reintroduction. Furthermore, food is considered to be the primary resource for sympatric 
species contention (Schoener, 1974). In spatially constrained environments such as the 
proposed reintroduction site, the extent of competition may be artificially augmented as a 
result of the enclosed nature of small protected areas (Cristescu, Bernard, and Krause, 2013).  
Wild dog foraging behaviour 
Large carnivore populations are generally structured through bottom-up processes through 
resource limitation, for example the availability of prey (Karanth et al., 2004; Hayward, 
O’Brien, and Kerley 2007). Therefore, an understanding of large carnivore resource 
requirements is a fundamental attribute to discerning its role in an ecosystem (Klare, Kamler, 
and MacDonald, 2011). However, these processes often occur in tandem with other lateral or 
top-down processes (Kissui and Packer, 2004). Globally, several carnivore species have 
displayed synanthropic characteristics, implying that they have profited from human 
expansion through resource acquisition (Newsome et al., 2015; Belton, Cameron, and 
Dalerum, 2018). However, the diet of most large carnivores has been adversely affected by 
humans (Wolf and Ripple, 2016). In a South African context, numerous wild dog sub-
populations are subject to artificially induced spatial constraints because of the large-scale 
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use of wildlife-proof fencing. As many large carnivores’ spatial utilisation is largely driven by 
prey abundance, there is a need to understand how confinement imposed by fences 
influences resource selection (Hayward et al., 2009).  
In large African predators, prey size is typically linear to predator body size (Carbone et al., 
1999). Wild dog are, however, regarded as having the greatest predator: prey size ratio 
amongst its guild. Wild dog tend to kill ungulates weighing up to approximately 120 % of their 
individual body weight (Radloff and Du Toit, 2004). The ability to kill significantly larger prey 
can be attributed to cooperative hunting strategies that allow for packs to kill ungulates that 
would simply be too large for a single wild dog to kill (Creel and Creel, 2002). However, the 
proliferation of fencing has previously driven a modification of wild dog foraging at several 
small protected areas. Wild dog have displayed behavioural hunting adjustments in the 
presence of electric fences, by using barriers to subdue larger prey than what would 
otherwise be killed (van Dyk and Slotow, 2003; Rhodes and Rhodes, 2004). Furthermore, 
considering the high energy expenditure in hunting, pack size has indicated contrasting results 
in hunting success, and chase distance (Fanshawe and Fitzgibbon, 1993; Creel and Creel, 1995; 
van der Meer et al., 2014).  
Studies investigating wild dog diet and prey preferences have largely focused on large 
protected areas with very few investigations into the foraging behaviour on small protected 
areas (see Hayward, O’Brien, Hofmeyr, and Kerley, 2006). Despite much geographic variation, 
wild dogs seem to prefer the most abundant small to medium sized prey species in its range 
(Hayward et al., 2006). Hayward et al. (2006) determined the prey preference of wild dog 
from 18 studies across its current range. Of the 14 study sites, only two studies occurred in 
small reserves, the 83.56 km2 Shambala Game Reserve (Rhodes and Rhodes, 2004) and the 
152.9 km2 Shamwari Game Reserve (O’Brien, 2012). Post-study, both these wild dog sub-
populations have been removed by management due to their impact on prey species. Despite 
the ad-hoc and limited, but useful availability of information pertaining to wild dog hunting 
behaviour on small protected areas, restoring a hunting carnivore to a small protected area 
requires additional contributions.  
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Competition 
Competition occurs when sympatric species compete for a limited resource (Birch, 1957). 
Contributing to large carnivore coexistence, trophic resource partitioning is one of the 
principal factors that influence the structure of predator communities (Hayward and Kerley, 
2008). Competition can occur directly through hostile interactions amongst species 
(interference competition), such as kleptoparasitism, harassment or intraguild predation 
(Palomares and Caro, 1999). Exploitation competition alternatively, involves indirect factors 
through a process of using a limited resource, thereby reducing and restricting the resource 
available to a sympatric species (Schoener, 1983; Crooks and Soulé, 1999). Exploitative 
competition is relatively more challenging to quantify, particularly as there is no direct 
substantive interactive outcome. 
Competition within African ecosystems can be particularly profound, where as many as five 
large carnivore species frequently co-exist. Cheetah (Acinonyx jubatus), leopard (Panthera 
pardus), lion (P. leo), spotted hyena (Crocuta crocuta) and wild dog generally characterise the 
sub-Saharan large carnivore guild. Outranked within the trophic pyramid, wild dog are known 
to be negatively influenced by larger superior carnivores such as lion or spotted hyena in 
several aspects. Apex predators may reduce food intake to wild dogs through 
kleptoparasitism (van der Meer et al., 2011), intraguild predation (Creel and Creel, 1996), and 
excluded from resources (i.e. prey rich areas) (Mills and Gorman, 1997), thus influencing the 
population dynamics of the meso-carnivore (Groom, Lannas, and Jackson, 2017). These 
competitive relationships have structured large African carnivore guilds through innate 
interactions and should therefore not be of significant conservation concern. However, in 
spatially constrained habitats with limited resources, the frequency of these interactions may 
be artificially elevated, which could result in drastic shifts in community compositions. A 
species is expected to use resources that reduce costly competitive encounters and 
predation, but simultaneously are expected to maximise its benefits through resource 
acquisition (Lima and Dill, 1990; Mills and Gorman, 1997). The coexistence of species can 
therefore be determined by the degree of landscape or resource heterogeneity (Jackson et 
al., 2014; Rostro-García, Kamler, and Hunter, 2015). Accordingly, a subordinate predator will 
seek competition refuges within the landscape which harbour lower densities of potential 
competitors (Durant, 1998). However, in small enclosed protected areas, resources such as 
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prey and habitat heterogeneity in context of refugia within the landscape are expected to be 
comparatively more finite than larger systems.   
As an element of mesopredator release theory (Crooks and Soulé, 1999), wild dog habitat 
selection is expected to be influenced by larger superior carnivores, therefore prey and 
spatio-temporal segregation has been hypothesised as a mechanism allowing for subordinate 
carnivores to coexist with superior carnivores (Torretta et al., 2016). This, however, warrants 
the sense that meso-predator species may compete with each other as a function of dominant 
predator avoidance. However, rarely tested, the competitive exclusion principle states that 
two species competing for the same resource cannot coexist and the species with the 
advantage will outcompete the other (Gause, 1932).   
Comparable to wild dog, cheetah are known avoid larger apex predators (Durant, 1998; 
Bissett, 2004; but see Swanson et al., 2014), and share similar prey resources (Hayward and 
Kerley, 2008). Assumingly both species would employ similar mechanisms to survive in a 
“landscape of fear” (Laundré, Hernandez, and Ripple, 2010). However, it is uncertain how 
they survive simultaneously. Understanding and predicting the processes and ecological 
mechanisms that drive coexistence among sub-ordinate predators and the manner in which 
they partition resources may be valuable for anticipating reintroduction outcomes in any 
given community. Leopard populations in the Congo Basin of Central Africa declined in 
proximity to human presence due to exploitive competition with bushmeat hunters (Henschel 
et al., 2011). Ethiopian wolves (Canis simensis) have been suggested to be influenced by the 
presence of African wolves (Canis anthus) through interspecific competition such as dietary 
overlap (Gutema et al., 2018). African wolves contribute to constraining habitat available to 
Ethiopian wolves, ultimately preventing population growth and range expansion (Gutema et 
al., 2018). Examples like this highlight the need to understand the influences of competition, 
as they may be an important component in the conservation of a species.  
Study rationale 
Small fenced geographically discrete protected areas are becoming increasingly important 
instruments for the preservation of large carnivores in South Africa. Rewilding these 
fragments of habitat requires careful consideration into the sustainability and suitability of 
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restoring species that are ecologically demanding, in context of their wide-ranging 
capabilities, potential impact on human livelihoods, and affinity towards particular food 
items. Wild dog have been reintroduced into seven small protected areas in KwaZulu-Natal, 
South Africa of which two sub-populations in the province have since been (Thanda Royal 
Private Game Reserve) or in the process of being removed (Tembe Elephant Park - pending 
legal outcomes) due to the protected area perceived not being able to support wild dog. 
Phinda Private Game Reserve (Phinda) management has expressed interested in restoring 
wild dog to the protected area. However, it is uncertain if wild dog can be sustained in the 
small (230 km2) enclosed area, due to the hunting behaviour and vulnerablity to competition 
characteristic of wild dog.  
Addressing the prospective wild dog reintroduction management concern has presented the 
opportunity to further investigate the ecological requirements of a locally extirpated large 
predator in a small confined protected area.  
Aims and objectives 
The overall aim of this study is to contribute towards the understanding of wild dog ecology 
and the feasibility of reintroduction to small protected areas in South Africa. Therefore, 
chapters 3 and 4 have the following objectives: 
Chapter 3 objective 
To characterise the foraging behaviour of wild dog on small protected areas by understanding 
their prey species, age, and sex contribution to diet, prey preference, dietary niche breadth, 
and the influence of pack size and fences on prey size selection.  
Chapter 4 objective 
To determine the potential dietary competition amongst a large African carnivore guild in 
regard to a prospective wild dog reintroduction and identify the interspecific and intraspecific 
individuals most vulnerable to a wild dog reintroduction. Furthermore, based on the 
preferred diets of sympatric carnivores, estimate the ecological carrying capacity of the large 
carnivore guild to assist in perceptive management decisions.  
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By understanding the dietary requirements, foraging behaviour, sustainable density, and 
potential inter- and intraspecific competition of wild dog may contribute towards assessing 
the feasibility of reintroducing wild dog to Phinda.  
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Introduction 
This chapter is dedicated to providing a brief description of the biology of African wild dog 
(Lycaon pictus) (wild dog hereafter) in context of its taxonomy, behaviour, reproduction, and 
distribution. I highlight the threats and conservation mechanisms used to restore wild dog 
populations.  
Wild dog taxonomy and conservation 
Temminck (1820) provided the first taxonomic description of African wild dog from a 
specimen collected in coastal Mozambique (Woodroffe, McNutt, and Mills, 2004). Despite 
being erroneously considered a hyena species (Hyena picta), it was later recognised as a canid 
(Matthew, 1930) and renamed Lycaon pictus as a reference to their wolf-like and painted 
appearance (Creel and Creel, 2002). The wild dog is a medium-sized, slightly built 
hypercarnivore, averaging a shoulder height of 67 – 78 cm and mass of 18 -28 kg (Creel and 
Creel, 2002). Male wild dogs are three to seven percent heavier than females (Creel and Creel, 
2002).  
Wild dog coat patterns are highly variable, asymmetrical and are individually unique (Creel 
and Creel, 2002). Geographic variation in coat colour exists where Southern African 
populations are generally more brightly coloured, with a fusion of white, black and brown 
opposed to East African specimens that are primarily black with less white and brown (Creel 
and Creel, 2002).  
Wild dogs are further characterised by large round ears, short black muzzles and large white 
bushy tails and unlike other canids, wild dog lack dew claws on the front limbs and the second 
and third toe is usually partially fused (Creel and Creel, 2002).  
As the sole extant member of the genus Lycaon, wild dog phylogenetically characterise a 
distinctive lineage within the wolf-like canids (Girman et al., 1993). Wild dog populations from 
East and Southern Africa were formerly recognised as two distinct sub-species due to the 
substantial genetic and morphological variation between the geographically discrete 
populations (Girman et al., 1993). However, novel evidence has suggested that genetic 
exchange has previously occurred, and therefore it does not sufficiently warrant sub-species 
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classification (Girman et al., 2001).  The remnant West African wild dog population may host 
a unique haplotype that is distinct from the southern and eastern populations, rendering the 
possibility of a distinct sub-species (Girman et al., 1997).  
Wild dog social dynamics and reproduction 
Wild dog are highly social, near-obligate cooperative breeders that live in permanent packs 
of 2 to 27 individuals (Creel and Creel, 2002), usually comprised of a dominant breeding pair, 
their offspring and subordinate non-breeding adults (Girman et al., 1997). It was previously 
believed that due to the hierarchical and cooperative breeding strategy employed by wild 
dogs, lower ranking individuals rarely produce offspring as breeding was limited to an alpha 
pair. This has been contested through detailed genetic testing that has suggested that shared 
reproductive rights amongst adults occur considerably more frequently than previously 
anticipated (Spiering et al., 2010). 
Pack formation occurs when siblings of the same sex disperse from natal packs join with sub-
packs of the opposite sex (Frame et al., 1979). Once a new pack is established, a social 
dominance usually progresses within each gender with the oldest female and prime aged 
male occupying the most dominant rank (Creel and Creel, 2002).  
The mean pack size varies geographically, the Kruger and Masai Mara National Parks mean 
pack size (4-5 adults) is smaller than that of the Selous (7.7 adults) and Hwange National Park 
(7.8) (Fuller et al., 1992; Creel and Creel, 1995).  
As wild dogs are seasonal cooperative breeders, denning tends to coincide with the dry 
season (Maddock and Mills, 1994). After a gestation period of approximately 70 days, pups 
are born in a den, which can be caves in rocks or excavated from abandoned burrows. Litter 
sizes may be large, averaging 10-11 pups and rarely as many as 21 (Fuller et al., 1992). As the 
lactating female and pups are confined to the den for the initial 3 months, subordinate pack 
members of both sexes assist in feeding the female and pups by regurgitating meat (Creel and 
Creel, 1995).  
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Wild dog distribution and conservation 
Apart from the most arid and lowland forest regions (Figure 2.1), wild dog historically 
occurred throughout most of sub-Saharan Africa (Woodroffe and Sillero-Zubiri, 2012). 
Although previously widespread, disjunctive distribution patterns and significant range 
contractions now characterise current day wild dog populations (Fanshawe et al., 1997). 
Having been extirpated and reduced through much of Africa, they are now known to be 
resident in only 14 of their former 39 range states (Woodroffe and Sillero-Zubiri, 2012). 
Despite receiving legal protection over much of its current range, wild dog populations 
continue to decline across the continent (Woodroffe and Sillero-Zubiri, 2012). Populations 
continue to face widespread persecution in an expanding human dominated landscape, 
reducing available habitat into isolated and fragmented pockets (Woodroffe et al., 2004; 
Watson et al., 2015). As wild dog naturally occur in low densities, even the largest of these 
fragments may be able to harbour only limited numbers (Woodroffe and Ginsberg, 1999). The 
continued in-situ population decline and lack of mature individuals (< 250) in each of the 39 
sub-populations warrants the endangered status put forward by the IUCN Red List of 
Threatened Species (Davies-Mostert et al., 2016). Once believed to have historically 
numbered approximately 300 000 individuals (Ash et al., 2010), recent population estimates 
make mention of 6500 individuals (Woodroffe and Sillero-Zubiri, 2012). Wild dog are 
therefore second after the Ethiopian wolf (Canis simensis) as the most threatened carnivore 
species in Africa and rarest carnivore in South Africa with an estimated number of 90-111 
mature individuals in 14 sub-populations (Davies-Mostert et al., 2016). 
In an attempt to promote the recovery of wild dog in South Africa, a habitat and population 
viability assessment (PHVA) advocated for the national expansion of wild dog range as an 
urgent conservation priority (Mills et al., 1998). The outcome of the PHVA suggested that a 
second viable population be created to supplement the only viable Kruger National Park 
population (Mills et al., 1998). However, the South African landscape is characterised by a 
mosaic of land use patterns where suitable habitat to support wild dog populations remain 
small and non-contiguous (Davies-Mostert, Mills, and Macdonald, 2015). A managed 
metapopulation approach was recommended as a solution to mitigate the disproportional 
stochastic vulnerability of small population sizes (Mills et al., 1998). A metapopulation is 
defined as a “set of local populations which interact via individuals moving among 
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populations” (Hanski and Gilpin, 1991). However, small populations, distinctive of many wild 
dog sub-populations in South Africa may be prone to demographic, environmental, and 
genetic stochasticity (Shaffer, 1981). Wild dog sub-populations that have been reintroduced 
into small geographically isolated protected areas are therefore, collectively managed 
through human intervention to mitigate against the threats of small population sizes (Mills et 
al., 1998). As the small protected areas are separated spatially, immigration and emigration 
is periodically mimicked through human induced translocations (Davies-Mostert et al., 2015). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1: The distribution and range status of African wild dogs in Southern Africa, 2015 
(Sourced from IUCN/SSC, 2015). Shaded areas represent the historical distribution of African 
wild dog in Southern Africa, indicating a wide-spread historical distribution, absent from only 
the most arid areas of Namibia and Angola and forest regions of Cabinda, Angola. 
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The managed metapopulation paradigm can therefore be used for species inhabiting 
fragmented landscapes, but which have the individuals moved around by managers. Wild dog 
individuals, however, are naturally capable in carrying-out long-distance dispersal events 
(Masenga et al., 2016) and are therefore less susceptible to the evolutionary implications of 
patchy population structures. 
Large carnivores are often the first species to be extirpated from an area as a result of their 
ecological demands (Hunter et al., 2007). This can be pronounced in increasingly fragmented 
landscapes, as edge effects through human-wildlife conflict, road accidents, snaring and 
disease contracted from domestic dogs (Woodroffe and Sillero-Zubiri, 2012) may increase the 
threats to a population. Land use patterns separating wild dog sub-populations are often 
composed of pastoralist and private game ranch operations that render wild dog presence 
incompatible due to the real or perceived predation of livestock and economically valuable 
game species (Lindsey, Toit, and Mills, 2004). Therefore, wild dog are often not tolerated 
outside of formally protected areas and are prone to anthropogenic mortality though direct 
persecution (Woodroffe, McNutt, and Mills, 2004), subsequently diluting the likelihood of 
natural dispersal attempts.  
The managed wild dog sub-populations in small protected areas may therefore be imperative 
in the persistence of the species in South Africa in the long term (Whittington-Jones et al., 
2014). However, restoring a locally extirpated large predator, particularly in small protected 
areas, is inherently complex and economically encumbering (Weise, Stratford, and van 
Vuuren, 2014). The increased interest in restoring wild dog sub-populations to portions of 
their former ranges has presented the opportunity to evaluate the feasibility of reintroducing 
the species to a small protected area. The South African wild dog managed metapopulation 
approach has largely been successful (Davies-Mostert et al., 2015). However, understanding 
the ecological forces that govern wild dog population dynamics will be a useful tool to 
generate outcome predictions prior to reintroduction and improve the selection of 
restoration areas. The effective future conservation planning of the wild dog metapopulation 
in South Africa is therefore dependent on understanding the minimum ecological 
requirements to support a successful reintroduction (Lindsey, du Toit, and Mills, 2004). 
A successful reintroduction can be defined as a sequence of three outputs (Seddon, 1999 but 
see Haskins, 2015, Shier, 2015 for other definitions): the survival of the released individuals; 
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reproduction of the released individuals and their offspring; and the persistence of the re-
established population in the long term. Based on these principles, the initial reintroduction 
of 13 wild dogs into the 360 km2 uMkuze Game Reserve in 2004 can be considered a failed 
reintroduction attempt. The reintroduction attempt is considered unsuccessful as the overall 
home range (383.9 km2) exceeded the boundaries of the small protected area suggesting that 
uMkuze Game Reserve may not harbour sufficient resources to sustain a pack of wild dog 
(Jenkins et al., 2015). This increased the edge effects such as snaring, resulting in none of the 
released individuals surviving or remaining in uMkhuze Game Reserve (Jenkins et al., 2015).  
Reintroducing a locally extinct predator to a small confined area may therefore be inherently 
complex (Hunter et al., 2007). Large carnivores such as wild dog are often characterised by 
large home ranges (Frame et al., 1979), complex social structures (Gusset et al., 2008), 
naturally occur at low population densities (Creel and Creel, 1996), and are dependent on 
specific prey species (Hayward, O’Brien, Hofmeyr, and Kerley, 2006). The reintroduction of 
large predators into small protected areas may therefore not adequately accommodate the 
species’ fundamental ecological requirements. 
The development of the metapopulation of large predators’ in small protected areas in South 
Africa is often obscured by a lack of understanding of the areas required to support these sub-
populations (Lindsey et al., 2011). A reintroduction is usually a long-term commitment that 
could have an intended conservation value if the costs and risks of the reintroduction are 
balanced against the benefits, and where comprehensive risk analyses have been carried out 
and proven to be high or uncertain, a reintroduction should be reconsidered (IUCN/SSC, 
2013). Evaluating a proposed landscape for reintroduction is multifaceted, that amongst 
others, includes the availability of suitable habitat with sufficient food resources with limited 
competition (Hayward, O’Brien, and Kerley, 2007; Webster, McNutt, and McComb, 2012; 
Lovari et al., 2014; Ziółkowska et al., 2016) for the niche placement of the focal species. The 
reintroduction outcome of a species is contingent on understanding and predicting the 
ecological demands of the species in a novel landscape (IUCN/SSC, 2013). The reintroduction 
of predators is further economically burdening and prone to risk (Lindburg, 1992). If 
reintroduction is used as a defendable conservation tool, the evaluation of a prospective site, 
together with the generation of a priori predictions is imperative (Armstrong and Seddon, 
2008; McCarthy, Armstrong, and Runge, 2012; IUCN/SSC, 2013). 
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The expansion of wild dog sub-populations remains a conservation priority in South Africa 
(Mills et al., 1998), but simultaneously the reintroduction of large predators into small 
protected areas remains a contentious issue (e.g. Slotow and Hunter, 2009). As a strategy to 
increase wild dog range expansion, Phinda in KwaZulu-Natal, characteristic of small fenced 
protected areas, has been identified as a prospective reintroduction site that may supplement 
the existing network of wild dog sub-populations (Naylor 2014, pers. comm.). However, 
management has expressed uncertainty in the feasibility of reintroducing wild dog to the 
small (231 km2) protected area. Considering the limited success of many reintroduction 
attempts across a variety of taxa (Burke, 1992; Fischer and Lindenmayer, 2000; Riedl, 
Mushinsky, and McCoy, 2008), the need to comprehensively identify and understand the 
factors that may influence the reintroduction outcome and adequately address these factors 
or threats, prior to reintroduction occurring, is imperative to ensure reintroduction can be 
used as a viable option (IUCN 2013) for their restoration. 
Evaluating the conditions for a species to establish and persist at a new site prior to 
reintroduction is often challenging, as there is often little, to no information available for the 
species at the particular site (Breitenmoser, 1998; Armstrong and Seddon, 2008). Anticipatory 
modelling may assist in making predictions before new reintroductions (Huber et al., 2014), 
and can provide direction in site suitability and potential appropriate measures to enhance 
reintroduction success (Niemann, 2010). The evaluation of reintroduction efforts has largely 
been retrospective in nature, and it has been suggested that the science of reintroduction 
biology now requires greater application in hypothetico-deductive approaches (Seddon, 
Armstrong, and Maloney, 2007).  
Summary  
Reintroduction as a conservation mechanism is increasingly being applied to restore large 
extant carnivores such as wild dog to portions of their former ranges. As a hunting carnivore, 
wild dog are vulnerable to the influences of larger sympatric carnivores, and therefore, often 
seek landscape refuges to avoid costly competitive encounters. However, wild dog range 
widely and occur at low densities. It is therefore uncertain if wild dog should be restored to 
small enclosed protected areas. This chapter has described the biology of wild dog in context 
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of its taxonomy, distribution, reproduction and conservation tools used to protect and restore 
wild dogs.  
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Introduction 
This chapter describes the study areas used to source data. The bulk of this chapter has been 
allocated to characterising the primary study area, Phinda Private Game Reserve (Phinda 
hereafter) where it is anticipated to reintroduce African wild dog (Lycaon pictus) (wild dog 
hereafter). I further briefly discuss an additional five study sites used to define wild dog 
foraging behaviour in context of their location, climate, topography, vegetation and faunal 
assemblages.   
Phinda Private Game Reserve 
Phinda is situated in the Southern Maputaland Coastal Plain of northern Kwazulu-Natal, South 
Africa at latitudes 27° 40’ - 27° 55’ south and longitude 31° 12’ - 32° 26’ east (Figure 3.1). 
Phinda is located approximately 30 km from the coastline and approximately 27 km from 
Hluhluwe town (Matthews, 2014). The 231 km2 privately protected area currently comprises 
of SKS Estates (6.5 %), Zuka Private Game Reserve (28.4 %) and &Beyond Phinda Private Game 
Reserve (65.1 %), which collectively will be referred to as Phinda. The protected area that runs 
predominantly in a north-south direction has experienced several land expansions post 
establishment in 1990 from the original 127.40 km2 (Hunter, 1998). Prior to its establishment, 
the land was used for hunting, farming of pineapples, cotton, and cattle (Hunter, 1998). All 
farming practises have discontinued and being operated as an up-market tourism operation. 
Adjacent land use comprises of provincial game reserves, private game reserves, cattle farms, 
and community properties. The western boundary of Phinda borders uMkhuze Game Reserve 
(Figure 3.1).   
The region experiences a warm to hot, humid subtropical climate (Balme, Hunter, and Slotow, 
2007) that can be separated into an arid, warm winter (April – September) and a hot, humid 
summer (October - March). Phinda experiences a summer rainfall regime with a mean of 615 
- 750 mm (Druce et al., 2006). The mean monthly temperature in winter is 19 °C and 33 °C in 
summer (van Rooyen and Morgan, 2007).  
The topography gradually transitions from relatively flat terrain in the north to more 
undulating in the south. The altitude ranges from 4 m above sea level (m.a.s.l) on the Mzinene 
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River Floodplain to 340 m.a.s.l on the Lebombo Mountains western boundary with 95 % of 
the protected area occurring below 100 m.a.s.l (van Rooyen and Morgan, 2007). 
 
 
 
 
 
 
 
 
 
Figure 3.1: The location of large predator sample sites in the KwaZulu-Natal, South Africa; 
Somkhanda Game Reserve (1), Zimanga Private Game Reserve (2), Manyoni Game Reserve 
(3), Thanda Royal Game Reserve (4) and uMkhuze Game Reserve (5) and Phinda Private Game 
Reserve (6). Other formally protected conservation areas are illustrated in dark grey. 
 
Within Phinda there are three biomes represented, namely: savanna, forest and Indian Ocean 
Coastal Belt (Mucina and Rutherford, 2006). Which can be further classed into the following 
eight broad vegetation types as:  
Dry Mountain Bushveld and Grassland: this is an open woodland to grassland type dominated 
by Combretum apiculatum, Senegalia burkei trees with predominant grass species being, 
Themeda triandra and Cymbopogon excavatus associated with the lithosols of the Lebombo 
Mountains (Matthews, 2009). 
Mixed Bushveld: consists of a mosaic of woodland types on soils ranging from brown, 
calcimorphic sandy clay loam to vertic clays and hydromorphic gley clay soils. The 
physiognomy is an open to closed woodland, dominated to various degrees by Vachellia 
nilotica and Vachellia tortillas trees. Other trees often also associated with these areas are 
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Spirostachys africana and Schotia brachypetala. The herbaceous layer is dominated by 
Themeda triandra, Dactyloctenium australe, Chloris virgata and Panicum maximum 
(Matthews, 2009). 
Thicket: thickets generally occur on vertic clays and hydromorphic gley clay soils where 
topography is flat, and soils are poorly drained. This vegetation type is generally 3 - 4 m high 
and, in some places, impenetrable. The two dominant woody species are Vachellia luederitzii 
and Euclea divinorum. Important grasses include Dactyloctenium australe, Enteropogon 
monostachy, and Panicum maximum. In places, trees such as Albizia anthelmintica, 
Berchemia zeyheri, Cassine transvaalensis, Pappea capensis, Schotia brachypetala, 
Sideroxylon inerme and Spirostachys africana emerge above the thicket forming a dense, 
multi-layered woodland (Matthews, 2009). 
Red Sand Bushveld: occurring on the ferruginous arenosols of Quaternary origin. This 
vegetation type is an open to closed woodland approximately 7 m tall. The most common 
tree species are Strychnos madagascariensis, Strychnos spinosa, Senegalia burkei, Sclerocarya 
caffra, Ziziphus mucronata and Terminalia sericea. The herbaceous layer is fairly sparse, the 
most common species being Dactyloctenium australe, Panicum maximum, Pogonarthria 
squarrosa and Hyperthelia dissolute (Matthews, 2009). 
Zululand Palm Veld: occurs mainly on sandy soils on a badly drained coastal plain. This 
vegetation type is open, scrubby thornveld interspersed with dense thickets. The common 
tree species are Hyphaene coriacea, Combretum molle, Dichrostachys cinerea, Strychnos 
madagascariensis and Albizia adianthifolia. The herbaceous layer is dense and tall and 
consists predominantly of Themeda triandra, Andropogon gayanus var. polycladus and 
Hyperthelia dissoluta (Matthews, 2009). 
Sand Forest: a distinctive type of dry, semi-deciduous to deciduous forest occurring on the 
poorly developed yellow arenosols of quaternary origin. Sand forest consist of a mosaic of 
forest patches 10 to 25 m high in a matrix of open woodland. The most important species are 
Newtonia hilderbrandtii, Cleistanthus schlechteri, Hymenocardia ulmoides, Pteleopsis 
myrtifolia, Dialium schlechteri, Croton pseudopulchellus, and Strychnos henningsii. A well-
developed sub-canopy of small trees and shrubs consisting mainly of Salacia leptoclada and 
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Croton pseudopulchellus is present. The herbaceous ground layer is extremely poorly 
developed (Matthews, 2009).  
Riparian fringing forest and woodlands may be divided into two principle types (Matthews, 
2009): 
Streambed and drainage line woodland: occurring alongside minor streams and drainage 
lines. The major woody species are Schotia brachypetala, Vachellia robusta, Phoenix reclinata, 
Spirostachys africana, Sideroxylon inerme and Euclea racemosa.  
Riverine forest and woodland varies from a well-developed forest to an open woodland up to 
15 m high on alluvia adjacent to the Mzinene and Munyawana River. The main canopy tree 
species include Vachellia xanthophloea, Ficus sycamorus, Vachellia robusta, Schotia 
brachypetala, and Trichilia emetica. A well-developed sub canopy of Senegalia schweinfurthii 
and Chromolaena odorata is present in most instances, and in many places forms 
impenetrable thickets. In other areas where C. odorata and A. schweinfurthii haven’t invaded, 
there is a healthy sward of Panicum maximum and Eustachys paspaloides, with Phoenix 
reclinata growing on the banks of the river. Acalypta glabarata, a shrub species occurs and 
which, in certain areas along the river, grows into dense monostands. These stands are 
seldom found more than 20m from a river or drainage line (Matthews, 2009). 
Floodplain grasslands: occur on the seasonally undulated flats, Inkwazi floodplain and Mziki 
Marsh. The species which characterise this tall grassland are Phragmites australis, Panicum 
coloratum, Panicum maximum, Setaria incrassate and Diheteropogon amplectens (Matthews, 
2009).  
Phinda is obligated to be enclosed by an electric perimeter game fence, as prescribed by the 
provincial conservation authority (Ezemvelo KZN Wildlife), due to the presence of potentially 
dangerous animals (Table 3.1). Most large wildlife species have been reintroduced to the 
property including large carnivores such as cheetah (Acinonyx jubatus) and lion (Panthera leo) 
(Table 2). Ninety-two known mammal species have been recorded on Phinda, including 
naturally occurring leopard (P. pardus), spotted hyena (Crocuta crocuta), and occasionally 
transient wild dog dispersing from regional sub-populations.  
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Manyoni Game Reserve 
Formerly called the Zululand Rhino Reserve, the 217 km2 protected area is situated in 
northern KwaZulu-Natal, South Africa (27°38’ - 27°5’S and 31°59’ - 32°08’E; Figure 2.1). The 
formation of Manyoni Game Reserve in 2004 was a result of a collaborate effort by 17 private 
landowners to contribute to the World Wide Fund for Nature (WWF) Black Rhino Range 
Expansion Project (Sherriffs, 2005). The protected area is within the savanna, Zululand 
Lowveld vegetation type (SVI 23; Mucina and Rutherford, 2006). The vegetation is 
characterised by open savanna (dominated by Senegalia nigrescens, Dichrostachys cinerea 
and Sclerocarya birrea), closed savanna (Vachellia tortilis, Vachellia nilotica, Spirostachys 
africanus and Berchemia zeyheri) and thickets (Vachellia luederitzii and Euclea spp.) 
(Odendaal-Holmes, Marshal, and Parrini, 2014). The region experiences a subtropical climate, 
with humid, hot summers from October to March, and dry, warm winters from April to 
September. The mean monthly temperature range is 19 to 33 °C and average annual rainfall 
of 600 mm (Chapman and Balme, 2010). The ephemeral uMsunduze River forms the lowest 
point at 130 m.a.s.l. The western boundary forms the highest point at 437 m.a.s.l within the 
protected area (Odendaal-Holmes et al., 2014).  
The protected area supports a rich guild of large mammals (Table 1).  Large carnivores include 
reintroduced brown hyena (Parahyaena brunnea), cheetah, lion and wild dog. Low densities 
of leopard and spotted hyena naturally occur within the landscape (Chapman and Balme, 
2010). Due to the presence of potentially dangerous wildlife species such as large carnivores, 
African buffalo (Syncerus caffer) and African elephant (Loxodonta africana), the protected 
area is fully enclosed by electrified perimeter fencing (Chapman and Balme, 2010). 
Thanda Royal Private Game Reserve 
Thanda Royal Private Game Reserve (Thanda) is a privately protected area (140 km2) situated 
in northern Kwazulu-Natal, South Africa (27°47’ - 27°53’S and 32°04’ - 32°10’E; Figure 3.1). As 
the property is bisected by an electrified fence, large carnivores have been reintroduced to 
the 68.6 km2 eastern portion of the protected area. The protected area is bordered to the 
east by a national road (N2), to the north by Manyoni Game Reserve, and to the south by 
private game ranches and community land. 
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Table 3.1: The known larger mammal (> 2.5 kg) species recorded in the Zululand Maputaland 
Conservation Complex, obtained from protected area species “checklists” and asset registers. 
Common name Species Common name Species Common name Species 
Order Artiodactyla Order Perissodactyla Order Carnivora 
Buffalo, African a Syncerus caffer Rhinoceros, 
Black 
Diceros bicornis Badger, Honey Mellivora 
capensis 
Bushbuck, Southern Tragelaphus 
angasii 
Rhinoceros, 
White 
Ceratotherium 
simum 
Caracal Caracal carcal 
Bushpig Potamochoerus 
larvatus 
Zebra, Plains Equus quagga Cheetah d Acinonyx jubatus 
Duiker, Common Sylvicapra grimmia 
  
Genet, Large-
spotted  
Genetta tigrina 
Duiker, Natal Red Cephalophus 
natalensis 
Order Lagomorpha Hyena, Brown e Hyaena brunnea 
Eland, Common b Tragelaphus oryx Hare, African 
Savanna 
Lepus victoriae Hyena, Spotted  Crocuta crocuta 
Giraffe, South African Giraffa giraffa 
  
Jackal, Black-
backed 
Canis 
mesomelas 
Hippopotamus, 
Common c 
Hippopotamus 
amphibius 
Order Primates Jackal, Side-
stripped 
Canis adustus 
Impala, Common Aepyceros 
melampus 
Baboon, Chacma Papio ursinus Leopard Panthera pardus 
Kudu, Greater Tragelaphus 
strepsiceros 
Galago, Greater Otolemur 
crassicaudatus 
Lion f g Panthera leo 
Nyala Tragelaphus 
angasii 
Monkey, Vervet Chlorocebus 
pygerythrus 
Mongoose, 
Banded 
Mungos mungo 
Reedbuck, Common Redunca 
arundinum 
  
Mongoose, 
Egyptian  
Herpestes 
ichneumom 
Reedbuck, Southern 
Mountain 
Redunca 
fulvorufula 
Order Proboscidea Mongoose, 
Slender  
Galerella 
sanguinea 
Wildebeest, Blue Connochaetes 
taurinus 
Elephant, 
African a 
Loxodonto africana Mongoose, Water Atilax 
paludinosus 
Steenbuck Raphicerus 
campestris 
  
Mongoose, 
White-tailed  
Ichneumia 
albicauda 
Suni Neotragus 
moschatus 
Order Rodentia Polecat, Stripped Ictonyx striatus 
Warthog, Common Phacochoerus 
africanus 
Cane rat, 
Greater 
Thryonomys 
swinderianus 
Serval Felis serval 
Waterbuck Kobus 
ellipsiprymnus 
Porcupine, Cape Hystrix 
africaeaustralis 
Wild dog, African Lycaon pictusc h 
a reintroduced to Somkhanda during study period                  e status unknown                                                                            
b currently absent from all protected areas                              f reintroduced to Somkhanda post-study period 
c absent from Thanda                                                      g reintroduced to Zimanga post-study period       
d absent from Somkhanda    h absent from Phinda 
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Thanda is dominated by savanna, Zululand Lowveld vegetation type SVI23 (Mucina and 
Rutherford, 2006), hosting 14 recognised plant communities: Vachellia tortilis – Senegalia 
nigrescens open bushveld and woodlands, Senegalia caffra – Diheteropogon amplectens 
wooded grassland and bushveld, Ziziphus mucronata – Mundulea sericea bushveld and 
woodland, Combretum apiculatum – Aloe marlothii open bushveld and woodland, Senegalia 
burkei – Panicum maximum open bushveld and woodland, Olea capensis – Mystroxylon 
aethiopicum ridge bushveld, Olea europaea – Berchemia zeyheri bushveld and thickets, Olea 
europaea – Clerodendrum glabrum – Ehretia amoena dense bushveld and thickets, Vachellia 
xanthophloea – Spirostachys africana riparian vegetation, Euphorbia tirucalli – Ficus 
abutilifolia ridge bushveld, Vachellia luederitzii thickets, and Vachellia nilotica – Urochloa 
mosambicensis old fields and other disturbed areas (van Rooyen and van Rooyen, 2014). 
Eighty percent of the annual rainfall (580 mm; Mkuze Town weather station) occurs in the 
spring and summer months between September and March. Winters are generally cool to 
warm (van Rooyen and van Rooyen, 2014). Frost is a rare occurrence in the region as the 
mean annual temperature is 21.8 °C with a mean monthly temperature of 25.5 °C and 16.4 °C 
for January and July respectively (van Rooyen and van Rooyen, 2014).  
The topography has been described as flat in the east of the protected area but becomes 
increasingly undulating in a westerly direction. The altitude ranges from 443 m.a.s.l in the 
west to 134 m.a.s.l on the eastern boundary (van Rooyen and van Rooyen, 2014). Several 
ephemeral to seasonal rivers including the Mduna, Ndlovini, Njakazane, Kwatateweni, 
Sivukana, Ndlovini and Ngweni Rivers drain from the western highlands (van Rooyen and van 
Rooyen, 2014).  
Most large mammal species present have been reintroduced to the protected area, including 
lion, cheetah, spotted hyena, and wild dog (Table 3.1, 3.2). Wild dog have subsequently been 
removed due to the impact of predators on prey species (Beets pers com.). As per Ezemvelo 
KZN Wildlife policy, the protected area is fully enclosed with electrified wildlife-proof fencing. 
uMkuze Game Reserve 
The uMkhuze Game Reserve (27°33’ - 27°48’S and 32°08’ - 32°25’E) is located on the 
Maputaland Coastal Plain of KwaZulu-Natal, South Africa. Proclaimed in 1912, the protected 
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area has experienced several expansions in area from its original 250 km2 to its current 338 
km2 (Mulqueeny, 2005). As a constituent of iSimangaliso Wetland Park, uMkhuze Game 
Reserve has received UNESCO World Heritage Site Status (Mulqueeny, 2005). 
uMkhuze Game Reserve is predominantly part of the savanna biome and can be further 
classified according to Mucina and Rutherford (2006) as; Southern Lebombo Bushveld (SVI16), 
Western Maputaland Sandy Bushveld (SVI19), Western Maputaland Clay Bushveld (SVI20), 
and Makatini Clay Thicket (SVI21). Forest and wetlands systems include Lowveld Riverine 
Forest (FOa1), Sand Forest (FOz8) and Subtropical Freshwater Wetlands (AZf6) (Mucina and 
Rutherford, 2006).  
Two distinct seasons characterise the warm to hot, humid subtropical region; the warm dry 
winter from April to September and a hot humid summer regime from October to March 
(Balme, Slotow, and Hunter, 2010). The region receives predominantly summer rainfall with 
an annual mean of 550 mm (Balme et al., 2010). The mean monthly temperatures range from 
33 °C in January to 19 °C in July (Balme et al., 2010). 
The topography is flat to gently undulating in the eastern section of the protected area and 
reaches a minimum of 20 m.a.s.l in the south east. The western section is characterised by 
hilly terrain reaching 480 m.a.s.l at the foothills of the Lebombo Mountain Range (Mulqueeny, 
2005; White and Goodman, 2009).  
There are two major river systems, namely, the seasonal uMkhuze River, that forms the 
northern boundary, and the uMsunduze River that flows through the southern section. In 
addition, there are several pans and floodplains that occur throughout the protected area 
(Mulqueeny, 2005).  
uMkhuze supports a diversity of fauna including reintroduced large mammals similar to 
neighbouring Phinda (Table 3.1, 3.2). Large carnivores include brown hyena, leopard and 
spotted hyena. Wild dog were initially reintroduced in 2005, cheetah in 2006, and lion in 2013, 
with frequent efforts to reinforce resident populations.  
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Somkhanda Game Reserve 
The protected area is geographically located approximately 50 km south of the Swaziland 
political border (Figure 3.1). The extent of the protected area is 161.49 km2. However, it is 
bisected by a gravelled district road (Route 69: Nongoma/Vryheid road). The northern and 
southern sections (106 km2) are further disconnected by means of electrified perimeter 
fencing, and therefore we limited our analysis to the southern section (27°29’ - 27°39’S and 
31°47’ - 32°56’E) where wild dog were reintroduced in 2014 (Table 3.2).  
The land is owned by the Gumbi Tribe (legally registered as the Emvokweni Community Trust) 
as a result of a series of successful land claims (Musavengane and Simatele, 2016). Prior to 
the land use declaration for nature conservation purposes, the properties were historically 
used for commercial cattle farming and game ranching. 
The protected area varies in altitude from 681 m.a.s.l. on the northern boundary to 184 
m.a.s.l. at its lowest point on the Mkuze River as its southern boundary. The Mkuze river is a 
perennial water source (ELan Group, 2009). 
Somkhanda receives a predominantly summer rainfall regime of approximately 546 mm 
annually. The subtropical climate experiences an average minimum and maximum 
temperatures of 10 °C and 34 °C respectively. Frost remains infrequent at Somkhanda and 
across the region (ELan Group, 2009). 
The protected area has botanically physiologically been described by Odendaal (2014) as: 
open savanna (Sclerocarya birrea and Ziziphus mucronata savanna dominated by an 
herbaceous layer of Themeda triandra and Panicum species), closed savanna (wooded 
savanna characterised by Berchemia zeyheri and Vachellia tortilis with a Digitaria eriantha 
and Themeda triandra grass layer), thicket (dense community of Gymnosporia buxifolia, 
Dichrostachys cinerea and Euclea natalensis) and riparian (tall Schotia brachypetala and 
Spirostachys africana associated with water sources).  
Somkhanda supports a diversity of fauna including reintroduced large mammals (Table 3.1). 
Elephant and buffalo were reintroduced in 2017 and 2015 respectively. The large carnivore 
community include leopard, spotted hyena and the vagrant brown hyena. Lion have 
subsequently been reintroduced post the study period (2018). Cheetah are currently absent 
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from the protected area.  A pack of five wild dog (three male, two female) were reintroduced 
to Somkhanda Game Reserve in September 2014.  
Zimanga Private Game Reserve 
Formerly Hlambanyathi Game Reserve (27°32’ - 27°38’S and 31°55’ - 32°0’E), Zimanga Game 
Reserve (53.3 km2) is wedged between Manyoni and Somkhanda Game Reserves (Figure 3.1). 
Zimanga is approximately 11 km from the town of Mkuze. Zimanga is a privately-owned 
property, primarily composed of Zululand lowveld savanna (Mucina and Rutherford, 2006). 
Zimanga is bordered on the east by a national road (N2) and in the south by the Nongoma-
Mkuze district road . The protected area is bisected by the perennial Mkuze River.  
Zimanga sustains similar prey assemblages to other regional reserves including mega fauna 
such as buffalo, and elephant (Table 3.1). Therefore, the property is fully enclosed by 
electrified fencing. Reintroduced and naturally occurring large carnivores include cheetah, 
leopard and spotted hyena. Four wild dogs were reintroduced in 2009. Furthermore, four 
lions have been reintroduced post study period in 2017 (Table 3.2). Despite the use of wildlife-
proof fencing, several wild dog have immigrated or emigrated from Zimanga. 
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Table 3.2: Protected area size (km2), mean annual precipitation (mm), density of sympatric predators (estimated number of individuals/100 km2, 
u= unknown, a= absent), year of wild dog reintroduction, and focus study period in parenthesis for the five sample sites. Typical vegetation types 
(Mucina and Rutherford, 2006) are described as Subtropical Freshwater Wetlands (AZf6), Subtropical Salt Pans (AZi11), Maputaland Coastal Belt 
(CB1), Lowveld Riverine Forest (FOa1), Sand Forest (FOz8), Southern Lebombo Bushveld (SVl16), Western Maputaland Clay Bushveld (SVl20), 
Makatini Clay Thicket (SVI21) and Zululand Lowveld (SVI23). 
 
Property   Somkhanda 
Game Reserve 
Thanda Royal Private 
Game Reserve 
Manyoni 
Game Reserve 
Phinda Private 
Game Reserve 
uMkhuze 
Game Reserve 
Zimanga Private 
Game Reserve 
Size (km2) 106 69 217 231 338 53 
Rainfall (mm) 626 610 600 658 628 670 
Major vegetation types  SVl23  SVl23, FOa1  SVl23 AZi11, CB1, FOz8, 
SVl16, SVl20, 
SVl21, SVl23  
AZf6, AZi11, 
CB1, FOa1, 
FOz8, SVl16, 
SVl19, SVl20 
SVI23 
Date wild dog reintroduced 2014 (2015-
2016) 
2004 (2010) 2014 (2015-
2016) 
a 2005, 2010 
(2015-2016) 
2009, 2011 (2014) 
Density of large 
carnivores’ 
Wild dog 7.55 8.75 2.3 a 7.1 26.27 
Cheetah a 2.92 8.76 10.64 3.25 3.75 
Leopard 2.74 u 4.61 10.64 6.51 2.74 
Lion a 16.03 7.83 11.06 5.33 a 
Spotted 
hyena 
u u 3.69 2.65 7.69 u 
Brown 
Hyena 
u u 0.92 u a u 
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Abstract 
Restoring large predators to small confined areas (< 400 km2) is inherently complex and 
therefore any data on the foraging behaviour and top-down influences hold significant value 
for the conservation and reintroduction planning of the species. Conservation efforts are 
increasingly applied to small or fragmented landscapes. However, it is unclear what the effect 
of these small areas have on processes such as foraging behaviour as these spatial constraints 
may reduce the likelihood of innate predator-prey dynamics. We investigated African wild 
dog Lycaon pictus foraging patterns on five small fenced protected areas in South Africa. We 
report on the diet composition, prey preferences, and potential influence of pack size and 
fences on the diet of African wild dogs. Data from 553 kills collected by direct observations at 
the five sample sites were analysed. Sixteen species of prey were recorded. A narrow dietary 
niche breadth was determined. Impala Aepyceros melampus and nyala Tragelaphus angasii 
collectively, form 75 % of diet, and 67 % of edible biomass. However, only nyala were 
significantly selected for. The mean wild dog pack sizes in our sample sites were relatively 
smaller than those frequently encountered in larger systems. We found that larger wild dog 
pack sizes did not select for larger prey. Contrary to studies investigating the influence of hard 
boundaries on smaller protected areas, the upward bias caused by fences on prey mass 
selection was inconsistent across sample sites. By characterising African wild dog diet on 
smaller protected areas, our results are suggestive of potential top-down influences that 
should be investigated by future studies. The results add to a growing body of literature that 
aims to assist in the reintroduction planning of endangered carnivore species. 
Key words: Lycaon pictus, predator-prey interaction, prey selection, endangered species 
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Introduction 
Protected areas are important conduits for the preservation of biodiversity (Le Saout et al. 
2013, Watson et al. 2016). However, the ecological requirements of wide ranging species 
often extend beyond the periphery of the protected area (Jenkins et al. 2015), frequently 
leading to human-wildlife conflict within an increasingly human dominated landscape 
(Woodroffe and Ginsberg 1998; Balme et al. 2010). As competition for land intensifies, 
anthropogenic influences continue to reduce available habitat for wildlife species, and 
therefore conservation efforts are increasingly being applied to highly modified or small 
fragmented pockets of remaining habitat (Lindsey et al. 2011; Davies-Mostert et al. 2015; 
Miller et al. 2015).  
Reintroductions are frequently used as a conservation tool to restore species to portions of 
their historical distribution range (Armstrong and Seddon 2008). Despite occurring 
throughout much of sub-Saharan Africa, the endangered African wild dog Lycaon pictus (wild 
dog hereafter) has experienced significant population size contractions on account of habitat 
fragmentation, conflict with human activities, and infectious diseases (Woodroffe and Sillero-
Zubiri 2012). To halt population declines in South Africa, wild dog have been reintroduced 
into several small geographically discrete protected areas (Davies-Mostert et al. 2015), some 
of which are often considerably smaller than the estimated home range size (537 km2) in a 
large South African system (Mills and Gorman 1997).  
Wildlife-proof fencing is commonly employed as a management tool to enclose these small 
protected areas (Somers and Hayward 2012, Packer et al. 2013). Although useful in separating 
large predators from humans, these hard boundaries are a potential catalyst to a range of 
cascading ecological challenges (Creel et al. 2013). Large carnivores often apply significant 
selective forces on prey assemblages as an explicit result of predation (Hayward et al. 2006). 
However, when confined to small areas, natural processes that frequently characterise open 
intact systems are disrupted (Gadd 2012, Murphy et al. 2017, Pokorny et al. 2017). For 
instance, fences that enclose small areas impede the potential for prey to carry out natural 
migratory patterns, as often observed in larger open systems (Whyte and Joubert 1988, Harris 
et al. 2009, Løvschal et al. 2017). The sedentary nature and small population sizes of the prey 
base in fenced areas inflate their vulnerability to predation (Fryxell and Sinclair 1988, Power 
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2003). As migratory prey populations are predominantly regulated by bottom-up processes 
(Mduma et al. 1999), the clumping of multi-prey multi-predator assemblages in fenced 
protected areas can modify the trajectory of these associations (Mills and Shenk 1992, 
Tambling and Du Toit 2005). Predators in larger intact systems can directly and indirectly 
influence the diversity and stability within ecological communities (Estes et al. 2011, Ripple 
et al. 2014). Destabilisation can occur if the availability of refugia to escape lethal predatory 
encounters becomes spatially and temporally diluted, consequently increasing the influence 
of top-down processes (Tambling and Du Toit 2005; Robinson et al. 2010). 
Wild dog are endangered, social, cursorial hunting carnivores (Creel and Creel 1995, 
Woodroffe and Sillero-Zubiri 2012). Small populations are disproportionally susceptible to 
demographic, environmental and genetic stochasticity (Shaffer 1981), therefore in South 
Africa, a managed metapopulation approach has been employed to collectively manage the 
species as a single population whereby dispersal and gene flow are mimicked through human 
intervention (Mills et al. 1998). The reintroduction of wild dog on small reserves in South 
Africa has become a frequent occurrence (Davies-Mostert et al. 2009), however several 
attempts have previously lead to unsustainable declines of prey species, subsequently leading 
to the removal of wild dog sub-populations from the protected area.  
Understanding the foraging patterns of a predator in a small protected area (< 400 km2) is the 
first step in unravelling the complex ecological community networks and potential influences 
on the prey base (Hayward et al. 2007; Kapfer et al. 2011). Whether predatory patterns on 
small reserves are similar to findings elsewhere in larger areas is uncertain (e.g. Hayward et 
al. 2006). Insight into the feeding ecology and predatory patterns of reintroduced predators 
to small fenced areas is essential in guiding evidence-based conservation management 
actions of the protected area, but also that of the focal species.  
Large carnivores generally display a degree of selectivity towards a particular prey species, 
mass range or demographic class (Hayward et al. 2006, Clements et al. 2014, Makin and Kerley 
2016). In large African predators, prey size typically increases with predator body size 
(Carbone et al. 1999), however wild dogs that weigh 20 - 25 kg (Creel and Creel 1995) employ 
communal hunting strategies that enable them to catch larger prey relative to their body size 
(Gorman et al. 1998). Cooperative hunting is suspected to reduce chase distance, increase kill 
rate and allow for the capture of larger prey (Rasmussen et al. 2008). Wild dog in small 
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protected areas are further believed to modify their hunting behaviour in the presence of 
electric fences, by using barriers to subdue larger prey than what would otherwise be killed 
(van Dyk and Slotow 2003, Rhodes and Rhodes 2004).  
Here, we quantify and describe the feeding patterns of reintroduced wild dog in five small 
range size protected areas in South Africa. We investigate the 1) prey species and biomass 
contributions to wild dog diet, 2) prey species sex and age contribution, 3) prey species 
preference, 4) the proximity to boundary fences on wild dog prey size usage, 4) diversity and 
evenness of diet, and 5) the influence of pack size on prey selection. We then discuss the 
implications of our results for the conservation management of the species, and predator-
prey related processes.  
Methods 
Ethics statement 
Research was carried out with the approval of the provincial conservation authority 
(Ezemvelo KZN Wildlife, registration number E/1079/02). Ethics approval was granted by the 
Nelson Mandela University Animal Research Ethics Committee (registration number: A17-SCI-
SNRM-002). 
Study area 
Wild dog have been reintroduced to several small protected areas in KwaZulu-Natal including 
Somkhanda Game Reserve (Somkhanda: 106 km2), Zimanga Private Game Reserve (Zimanga: 
53.3 km2), Manyoni Game Reserve (Manyoni: 217 km2), uMkuze Game Reserve (uMkhuze: 
338 km2) and Thanda Royal Private Game Reserve (Thanda: 68.6 km2).  The wild dog sub-
population size at each protected area has fluctuated over time, however at the time of this 
study (May 2017), there are seven adult wild dog on Somkhanda Game Reserve, five at 
Manyoni Game Reserve, nine at uMkhuze Game Reserve, and 14 at Zimanga Game Reserve 
(Table 4.1, Figure 4.1). Thanda currently does not host a pack of wild dog, as the 12 wild dogs 
were removed in 2013 due to the perceived impact on prey populations by the entire large 
predator guild.  
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Figure 4.1: The location of the wild dog metapopulation sample reserves in KwaZulu-Natal 
Province, South Africa; Somkhanda Game Reserve (1), Zimanga Private Game Reserve (2), 
Manyoni Game Reserve (3), Thanda Royal Private Game Reserve (4) and uMkhuze Game 
Reserve (5). 
The study areas are situated within the Maputaland Albany Hotspot and forms part of the 
African Savanna biome (Steenkamp et al. 2004, Mucina and Rutherford 2006). Two distinct 
seasons characterise the warm to hot, humid subtropical region; the warm dry winter from 
April to September and a hot humid summer from October to March (Balme et al. 2010). 
Eighty percent of the annual rainfall (580 mm; Mkuze Town weather station) occurs in the 
spring and summer months between September and March.  Winters are generally cool to 
warm (van Rooyen and van Rooyen 2014). Frost is rare in the region, and the mean annual 
temperature is 21.8 °C with the mean monthly temperature of 25.5 °C and 16.4 °C for January 
and July respectively (van Rooyen and van Rooyen 2014).  
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Table 4.1: Protected area size (km2), mean annual precipitation (mm), density of sympatric predators (estimated number of individuals/100 km2, 
u= unknown, a= absent), year of wild dog reintroduction, and focus study period in parenthesis for the five sample sites. 
Property Size 
(km2) 
  
Rainfall 
(mm) 
  
Date wild dog 
reintroduced 
  
Density of wild dog and sympatric predators 
  Wild 
dog 
Cheeta
h 
Leopar
d 
Lion Spotted 
hyena 
Brown 
Hyena 
Somkhanda Game Reserve 106 626 2014 (2015-2016) 7.55 a 2.74 a u u 
Thanda Royal Private Game 
Reserve 
69 610 2004 (2010) 8.75 2.92 u 16.0
3 
u u 
Manyoni Game Reserve 217 600 2014 (2015-2016) 2.30 8.76 4.61 7.83 3.69 0.92 
uMkhuze Game Reserve 338 628 2005, 2010 (2015-2016) 7.10 3.25 6.51 5.33 7.69 a 
Zimanga Private Game Reserve 53 670 2009, 2011 (2014) 26.27 3.75 2.74 a u u 
 
 58 
 
The protected areas support a rich diversity of ungulates and potential prey including blue 
wildebeest Connochaetes taurinus, common warthog Phacochoerus africanus, greater kudu 
Tragelaphus strepsiceros, impala Aepyceros melampus, nyala Tragelaphus angasii, plains 
zebra Equus quagga and waterbuck Kobus ellipsiprymnus. Due to the presence of potentially 
dangerous wildlife species, the protected areas are fully enclosed by electrified perimeter 
fencing (Chapman and Balme 2010). 
Field sampling  
Wild dog dietary data were collected from direct observations of prey killed. At least one 
individual in each pack was fitted with a VHF tracking device (frequency range 148-151 MHz, 
from either African Wildlife Tracking (AWT cc-Pretoria, South Africa) or Sirtrack (Havelock 
North, New Zealand)). Wild dog were located and followed during periods that coincide with 
the bimodal crepuscular activity pattern (dawn and dusk) of wild dog (Creel and Creel 1996; 
Saleni et al. 2007; Davies-Mostert et al. 2013).   
Once the pack was located, observations recorded include the geographic coordinates 
(latitude and longitude) of the pack using a GPS unit (Garmin), time of day, current behaviour 
and observed kills. Where possible, the prey item was identified and categorised to species, 
sex and age (adults > 2 years; subadults 1 to 2 years; juveniles 0 to 1 year).  
Direct observation as a tool to obtain kill data is considered useful to determine the diets of 
large predators (Mills, 1992). However, due to the quick-handling time, small prey species 
may be underrepresented (Okuyama 2010). It has been argued that where the observation 
effort is high, as in our case, the bias should be low (Radloff and Du Toit 2004, Rapson and 
Bernard 2007). 
Prey availability 
To determine prey availability, we used data from several sources. Aerial based total wildlife 
censusing was done at Somkhanda, Manyoni, Zimanga and Thanda using an R44 helicopter 
containing a crew of the same four people; pilot, recorder and two observers. Parallel 
predetermined transects were flown in an east-west orientation and were systematically 
arranged to cover the entire protected area. Census data for uMkhuze were collected using 
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Distance based ground sampling (Thomas et al. 2010). All prey censuses were carried out at 
the end of the dry season (August, September) to aid in visually detecting an animal as the 
foliage is reduced compared to other seasons (Bothma et al. 2002). Potential prey abundance 
estimates using aerial counts may be biased towards species that are more easily detected 
from the air (Owen-Smith and Mills 2008). Therefore, standard visibility correction factors 
generated for savanna ecosystems (see Owen-Smith and Mills 2008) were applied to 
compensate for these imprecisions.  
Species and species biomass contribution to diet 
The contribution of each prey species from direct observations to wild dog diet has been 
expressed as the prey percentage composition (g) of species i, as: 
g =
ni
N
∗ 100 
where ni represents the total prey species item and N is the total prey items of all species per 
protected area and year. Confidence intervals (95 %) were generated by means of running 
1000 bootstrap simulations around the mean relative frequency of a prey item.   
To determine the overall biomass of prey killed, we estimated the mass of each kill based on 
the species sex and age. Adult mass for each species was obtained from Bothma et al. (2002), 
and Skinner and Smithers (1990). Subadult mass was taken to be 75 % of an adult female, and 
a juvenile as 30 % (Radloff and Du Toit 2004). When the sex of an individual prey item could 
not be determined, the unit mass (adult female multiplied by 0.75) for the species was used 
(Jooste et al. 2013). To compensate for wastage, and inedible material, edible biomass 
(hereafter corrected mass) was determined as carcass weight > 80 kg = 67 % is edible, carcass 
weight 40 - 80 kg = 75 %, carcass weight 5 - 40 kg = 90 %, carcass weight < 5 kg = 99 % 
(Blumenschine and Caro 1986). The mean prey mass killed, prey mass range used and 
bootstrap confidence intervals (95 %, 1000 iterations) were determined for each sample site.  
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Dietary niche breadth and evenness 
To determine the relative degree of diet specialisation, we determined the dietary niche 
breadth using Levins’ Index (Levins 1968) for each wild dog pack and year. We applied 
standardised trophic niche measures following Hurlbert (1978):  
BA =
(
1
∑ 2Pij
) − 1
n − 1
 
where BA is the standardised index of niche breadth, pij is the proportion of diet of pack i on 
prey j, n is the number of possible resource states. Index values close to “0” represent 
specialised dietary niches, and values close to “1” represent generalist foraging patterns 
(Krebs 1999). The mean standardised dietary niche index value determined (BA ± 1SE) from 
prey species composition is presented.  
We further determined diet evenness by constructing Shannon (H) and Shannon equitability 
diversity (Eh) index values as:  
H =  − ∑ pi 
S
i=1
ln pi 
Where p is the proportional diet contribution of prey species i, In is the natural log 
transformation and s represents the species richness found in the respective diet. Diet 
evenness is derived from H using a Shannon equitability diversity index (Eh).  Eh is determined 
as H/ Hmax (here Hmax = ln s). Index values range from Eh= 0 (uneven) to Eh = 1 (complete 
evenness).  
Selection for prey species  
In order to determine the selectivity for specific prey items, a preference ratio analysis was 
employed by using Ivlev’s electivity index (D) as modified by Jacobs (1974). Various selection 
indices have been developed to test selection, however many show bias towards rarer items 
and suffer from non-linearity (Jacobs 1974). The use of the Jacobs’ index is expected to reduce 
these biases (Hayward and Kerley, 2005) and in addition allows for comparison with other 
studies investigating large predator prey preferences (Hayward et al. 2006) as follows:  
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D =  
r − p
r + p − 2rp
 
where r is the proportion of kills of each species and p is the proportional availability of that 
prey species in comparison to the number of species preyed on by wild dogs during the study 
period. The availability of prey is based on game census data for each respective year at each 
study site.  The D value of the Jacobs’ Index ranges from -1 to + 1, with a +1 indicating 
maximum preference and a -1 value indicating maximum avoidance (Jacobs 1974). Jacobs’ 
index values 0.2 > 0 > -0.2 are considered to be indicative of prey being used as frequently as 
expected (Hayward et al. 2011). Each prey species Jacobs’ index was tested for significant 
avoidance/preference by using a t-test against a hypothetical mean on “0”. Where data did 
not conform to normality (Shapiro-Wilks test) we used a z-sign test. The analysis of prey 
preference further identifies prey species utilised proportional to their density, therefore 
provides an estimate of prey utilisation relative to prey abundance.  
Selection for prey age and sex classes 
We quantified the known sex and age (juvenile, subadult, and adult) prey composition of wild 
dog kills as the percentage of observed kills. To determine the utilisation of certain prey 
population classes by wild dog, we used nyala as a representative species. As nyala are non-
seasonal breeders and are sexually dimorphic, the known sex ratio and age distributions from 
road-based distance sampling were compared to observed kills. A Jacobs’ selection index and 
a goodness-of-fit test were used by comparing the frequency of predation between male and 
female nyala and also for adult, subadult and juveniles. Bonferroni Z- statistics were used to 
generate 95 % confidence intervals.  
The influence of pack size on prey size 
We used Kendall’s tau-b correlation coefficient (τb) of independence to determine whether a 
monotonic relationship exists between pack size and prey mass. As wild dog subadults often 
contribute to hunting efforts (Vogel et al. unpubl.), we considered pack sizes as 1) adult pack 
size, 2) adult + subadults and 3) adult + an applied subadult weighted unit equivalent of 0.5. 
Wild dog are estimated to reach sexual maturity at approximately 18 months of age (Becker 
et al. 2012), and often disperse from natal packs at this age (Gusset et al. 2006). We therefore 
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categorised subadult pack members as 12 to 18 months, and adults as > 18 months (Malcolm 
and Marten 1982).  
We repeated this procedure for the mean mass of prey killed for each pack size category and 
for the most frequently preyed upon prey item (based on prey species, sex and age) for each 
pack size category. Where two species equally occurred as the most frequently used prey 
item, the mean mass between the species was used. 
The influence of fences in prey mass selection 
As wild dog may alter their hunting strategies on small reserves by incorporating fences to 
capture larger prey items (van Dyk and Slotow 2003), we compared the mass and proportional 
contribution of fence impeded kills with non-fence impeded kills. If fences increase the 
vulnerability of larger prey to wild dog predation than what naturally would occur, the median 
mass of prey items (based on prey species, age and sex) will be skewed. Using wild dog kill 
site GPS coordinates, we binomially categorised kills by creating a 200 m buffer tolerance 
from fences. We made the assumption that the benefit of using a fence for hunting purposes 
would be most rewarding at the capture (restraining and bringing down), see Bailey et al. 
(2013), phase of the hunt. Allowing for temporary getaways of the prey during restraining.  
The 200 m buffer was an estimate from observing hunts over a four-year field study (Somers 
unpubl.). We compared the size mass of kills within the 200 m buffer to size mass of kills > 
200 m from fences for four protected areas (Somkhanda, Manyoni, uMkuze, Zimanga). GPS 
data associated with kills made by wild dog at Thanda were however not available, therefore 
we report on kills made with GPS coordinates at the remaining four sample sites. The upward 
bias caused by barriers was tested using a Mann-Whitney U-test and p-values were computed 
using 10000 Monte Carlo simulations. As wild dog are generally cursorial hunting carnivores, 
we believe that 200 m from a boundary is sufficient to determine prey mass differences and 
further reduces the influence of GPS error and detection biases.  
 Results 
Sixteen prey species (Table 4.2) were recorded by direct observations (n= 553) over a 
cumulative time-period of 91 months. Impala (40 % ± 3.92) followed by nyala (35 % ± 6.03) 
formed the greatest frequency of known kills (Table 4.3). However, if transformed to 
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corrected biomass, nyala forms the greatest edible biomass (8245.81 kg) followed by impala 
(6742.8 kg) of the total 22254.41 kg (Supplementary Material, Appendix 2, Table A1). 
Table 4.2: Comparison between the five protected areas. N is total count of all kills observed, 
S is the species richness (count of prey species) in diet, mean prey (kg) and lower and upper 
0.05 confidence levels (CI). Range represents the smallest and largest prey items killed. 
  
Mean prey  Range of prey mass 
Protected Area N S Body mass SE 95 % CI 95 % CI  Minimum Maximum 
Manyoni 147 12 60.57 3.01 53.88 67.26  12.00 225.00 
Somkhanda 177 12 57.44 2.62 52.35 62.52  12.00 215.00 
Thanda 105 10 46.24 2.49 39.66 52.82  2.86 126.00 
uMkhuze 56 6 55.19 2.68 45.67 64.71  12.00 215.00 
Zimanga 68 6 46.91 2.12 40.15 53.66  13.50 155.00 
Pooled sample sites 553 16 54.62 1.52 51.60 57.64  2.86 225.00 
Dietary niche breadth and evenness  
Wild dog foraging patterns indicated specialised niche breadths for pooled observations (BA= 
0.17, n= 16) and across sample sites (BAmean= 0.3 ± 0.03). Wild dog further showed low 
diversity in diet (H= 1.68, Hmean= 1.36 ± 0.1), and erred (> 0.5) on uniformity (Eh= 0.61, Ehmean= 
0.67 ± 0.02) in terms of diet evenness. 
Prey Preference 
Jacobs’ index values were calculated for sixteen species (Table 4.3). Wild dog within the 
KwaZulu-Natal cluster signifanctly prefer (D > 0.2) to consume nyala (t7= 6.37, P= < 0.001). 
Buffalo (z= -2.79, P= 0.005), plains zebra (z= -8.35, P= < 0.001), warthog (z= -4.36, P= < 0.001), 
waterbuck (z= 2.46, P= 0.014) and blue wildebeest (t8= -5.01, P= 0.002) are significantly 
avoided prey species. Giraffe Giraffa giraffa and suni Neotragus moschatus (D= -1) were 
completely avoided.  
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Prey demographic selection 
Female ungulate prey (66 ± 7.02 %) occurred more frequently than male ungulates (34 ± 7.02 
%) in the diet of wild dog. Adult prey items were recorded more frequently (69 ± 6.92 %) than 
subadult (21 ± 5.52 %) and juvenile (9 ± 41 %) age categories.   
Male and female nyala were utilised disproportionally (χ2(1)= 6.71, P= 0.01) to their 
availability. Female nyala are killed more frequently by wild dog than expected, in contrast to 
male nyala prey items that were actively avoided (D= -0,23).   
Adult and juvenile nyala are utilised as expected (Table 4.4), however subadults are preyed 
upon more frequently than their proportional availability (χ2 (2)= 13.638, P= 0.001).   
Table 4.4: Wild dog prey selection of nyala age structure, observed age utilisation (pi), 
expected age utilisation (pioxn) and preference (JI= Jacobs’ index), Z= 2,37.  
Age Structure pi pioxn Observations JI lower CI Higher Ci Usage 
Adult 0.65 0.73 116 -0.19 0.57 0.74 as expected 
Subadult 0.23 0.14 21 0.31 0.15 0.31 > than expected 
Juvenile 0.12 0.13 41 -0.05 0.06 0.18 as expected 
      178         
Influence of pack size on diet 
In context of observed kills made by wild dog, adult pack size ranged from two to seven adults 
with a mean of 4.6 ± 0.08 individuals. If subadults are considered as hunting pack members, 
pack sizes ranged from two to 13 equivalents (6.19 ± 0.11), and two to eight if weighted as 
0.5 equivalents (5.39 ± 0.07).  
While pack sizes in our study were relatively small in comparison to those encountered 
elsewhere (Creel et al. 2004, Marnewick et al. 2014), we found no evidence to suggest that 
larger packs selected for larger prey.  
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Table 4.3: Mean annual wild dog prey species contribution (g) and mean prey species Jacobs’ index values (D ± SE). Significant avoidance, 
preference or whether a species is utilised in proportion to its abundance is indicated. 
 
g 
 
Preference 
 Species   Mean % SE CI CI   Mean D SE t/z P Pattern 
Syncerus caffer Buffalo 0.71 0.40 -0.16 1.59 
 
-0.60 0.21 -2.79 0.005 avoided 
Tragelaphus angasii Bushbuck 1.22 0.49 0.12 2.32 
 
-0.43 0.36 -1.19 0.236 no pattern 
Potamochoerus larvatus Bushpig 0.12 0.12 -0.15 0.39 
      
Thryonomys swinderianus Cane Rat 0.12 0.12 -0.15 0.38 
      
Redunca arundinum Common Duiker 2.45 0.91 0.43 4.48 
 
0.26 0.28 0.92 0.359 no pattern 
Sylvicapra grimmia Common Reedbuck 1.60 0.63 0.17 3.03 
 
-0.37 0.29 -1.26 0.264 no pattern 
Giraffa giraffa Giraffe 0.00 0.00 0.00 0.00 
 
-1.00 0.00 
  
avoided 
Aepyceros melampus Impala 39.87 3.92 31.18 48.57 
 
0.00 0.05 -0.04 0.970 no pattern 
Tragelaphus strepsiceros Kudu 4.13 1.44 0.84 7.41 
 
-0.25 0.20 -1.24 0.255 no pattern 
Redunca fulvorufula Mountain Reedbuck 0.46 0.31 -0.23 1.14 
      
Tragelaphus angasii Nyala 35.09 6.03 21.87 48.30 
 
0.47 0.07 6.37 0.000 preferred 
Cephalophus natalensis Red duiker 2.94 1.17 0.28 5.61 
 
0.27 0.28 0.97 0.333 no pattern 
Raphicerus campestris Steenbuck 0.24 0.24 -0.27 0.75 
 
-0.80 0.20 -4.09 < 0,0001 avoided 
Neotragus moschatus Suni 0.00 0.00 0.00 0.00 
 
-1.00 0.00 
  
avoided 
Phacochoerus africanus Warthog 6.19 4.48 -3.56 15.93 
 
-0.69 0.16 -4.36 < 0,0001 avoided 
Kobus ellipsiprymnus Waterbuck 0.63 0.44 -0.33 1.60 
 
-0.62 0.25 -2.46 0.014 avoided 
Connochaetes taurinus Wildebeest 3.94 1.19 1.32 6.56 
 
-0.58 0.12 -5.01 0.002 avoided 
 Equus quagga Zebra 0.29 0.20 -0.15 0.73 
 
-0.88 0.11 -8.35 < 0,0001 avoided 
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There was no significant association between mean mass of prey killed and adult pack size 
(τb= 0.2; P= 0.719), adult and equivalent subadult pack size (τb= -0.333; P= 0.216) or adult and 
weighted subadult pack size (τb= -0.200; P= 0.445). Using the most frequently preyed item, 
there was no significant relationship with adult pack size (τb= 0.447; P= 0.227), adult pack size 
including subadults as an equivalent weighting (τb= -0.511; P= 0.054) or adult and weighted 
subadult pack size (τb= -0.407; P= 0.099). 
The influence of fences on prey mass selection 
A total of 422 kills with associated GPS coordinates were observed at the four sample sites. 
Wild dog kills located within 200 m proximity of fence lines contributed 50 % of all recorded 
kill locations. Wild dog at each sample site used prey mass in a similar pattern (H= 5.963, P= 
0.113). The median mass for prey killed within 200 m of a fence (60 kg, 60 kg, 45 kg) was not 
significantly larger than prey killed away from fences (45 kg, 53.25 kg, 46.5 kg) for Manyoni 
(U= 1988.5, P= 0.279), Somkhanda (U= 2965.5, P= 0.076) and uMkhuze (U= 131, P= 0.961) 
respectively. Prey killed < 200 m from the fence were only significantly larger in mass at a 
single site, Zimanga Game Reserve (U= 238.5, P= 0.007). Prey mass difference of kills at 
Somkhanda were insignificant (P= 0.076), however with a less conservative alpha level (e.g. 
0.10) half of our sample sites with spatial data on kill distribution would have had significantly 
larger prey killed within 200 m of fences. 
Discussion 
Our investigation into the foraging behaviour of reintroduced wild dog to five small protected 
areas concurs that wild dog prey on the most abundant small and medium sized ungulates 
(Ginsberg and Macdonald 1990, Hayward et al. 2006). Nyala and impala collectively 
compromise 75 % of the mean species preyed upon. These two-prey species featured as the 
most frequently observed prey item, apart from the smallest protected area (Zimanga), where 
impala and warthog were observed to be utilised far more frequently in comparison. Warthog 
are generally avoided by wild dog, however the preferred larger nyala occur at much lower 
densities at this particular site likely leading to comparatively fewer encounters with wild dog. 
Wild dog have disproportionally high rates of daily energetic expenditure (Gorman et al. 
1998), and require high daily food consumption rates (Gorman et al. 1998, Carbone et al. 
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2007), but see Hubel et al. (2016) suggesting that wild dog are more energetically robust 
than previously thought. If wild dog optimise their foraging strategy, the more abundant 
warthog (corrected sow biomass 45 kg) are expected to contribute more frequently to their 
diet, as they would be required to concede between searching for the rarer nyala, albeit 
preferred (corrected ewe biomass 46.5 kg) versus selecting for the more abundant warthog 
in the Zimanga case, as this requires the least energy to secure through search and handling 
time.   
Very large prey (> 350 kg e.g. giraffe) were avoided across all sites. Small prey items (< 5 kg) 
do occur in their diet, however not frequently and can be considered as rare and incidental 
prey items. The detectability of very small prey items using direct and opportunistic methods 
to quantify large predator diets have previously been questioned, as small prey items are 
rapidly or entirely consumed. As our times of sampling mirror that of wild dog hunting 
periods, these continuous observations during activity phases are likely to reliably reflect on 
real dietary patterns (Rasmussen et al. 2008). Wild dog in our sample sites did scavenge on 
prey that had died by means other than wild dog predation and occasionally returned to kills 
the following days. Although we did not quantify scavenging events (feeding on prey remains 
known to not have been killed by wild dog) or kill return intervals (feeding on prey killed by 
focal pack but defined by moving away from kill and returning at a later stage), wild dog have 
previously been observed to scavenge on prey remains killed by other predators (Fitzgibbon 
and Fanshawe 1989). Returning to kills may be an artefact of limited exposure to 
kleptoparasitism as a result of low densities of spotted hyena Crocuta crocuta. Interference 
competition inflicted by spotted hyena may result in considerable loss (up to 22 %) of prey 
killed by wild dog through kleptoparasitism (Fuller et al. 1995). Considering the costly expense 
of hunting to attain energy balances together with direct antagonistic interactions with larger 
carnivores, can explain the low population densities of wild dog where competition is high 
(Creel and Creel 1996, Gorman et al. 1998, Woodroffe and Ginsberg 1998). If the intensity of 
competition within the large predator guild increases within our sample sites, we envisage 
that the frequency of wild dog returning to kills and scavenging will decrease.   
Using nyala as a frequently preyed upon proxy, it is expected that vulnerability will vary 
among prey sex and age classes (Pole et al. 2004). Nyala females and subadults were utilised 
more frequently than expected.  Analogous to studies carried out in open systems (Fitzgibbon 
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and Fanshawe 1989), the proportional partiality towards a particular prey or sex class may be 
a biological innate phenomenon. The avoidance of larger male nyala may be an attribute of 
sexual dimorphism, where males have horns that can be used for weaponry defence against 
potential lethal encounters with predators. The selective hunting of female and subadult prey 
may therefore be more profitable in terms of avoiding injury as they do not possess horns.  
A narrow dietary niche, as observed with wild dog in our study, has been suggested to 
contribute to the inherent rarity of the species (Hayward and Kerley 2008). Dietary niche 
estimates are often used in the process of evaluating the potential competition amongst 
sympatric carnivores (Mbizah et al. 2012; Broekhuis et al. 2018). However, in our study, wild 
dog consistently indicated a niche specialisation across all five sample sites, despite the 
variability in the presence and density of competing sympatric carnivores. Wild dogs are 
expected to discriminate between prey items based on functional traits of prey such as 
defensive weaponry, size, body condition, herd structure and habitat affinity (Pole et al. 2004, 
Hayward et al. 2006, Clements et al. 2016). In support of this, our results from preference 
indices show that wild dog did not use species at random and showed a high proportional 
utilisation of nyala. When compared to wild dog prey preference estimates carried out else-
where (Hayward et al. 2006), nyala was highly avoided. Nyala are nested within the preferred 
prey weight range of wild dog (Clements et al. 2014) Furthermore, nyala occur at greater 
densities and overall ungulate composition within our sample sites (16.8 ± 3.26%) in 
comparison to other regions of wild dog distribution (6.47 ± 4.41 %, Hayward et al. 2006). This 
confounding high variability for prey resources highlights the measure of caution when 
interpreting preference analysis. Values are non-independent, in that the increase in 
preference for species “A” conversely influences prey species “B” (Louw et al. 2012). 
Determining foraging preferences is further compounded by being primarily methodologically 
contingent on the known proportional prey species kills vs the species availability to the 
predator (Jacobs 1974). The proportional availability of a prey item is required to be known, 
however game census data are often subject to wide confidence intervals, particularly those 
for cryptic or thicket dwelling species, leading to unreliable estimates of prey species 
proportional availability.  
The higher proportional contribution of larger bodied prey animals to diet profiles in other 
smaller protected areas has been described as a consequence of barrier or fence aided 
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hunting (van Dyk and Slotow 2003; Rhodes and Rhodes 2004; Davies-Mostert et al. 2013). 
Except for the smallest protected area (53 km2), wild dog in Kwazulu-Natal did not provide 
sufficient behavioural evidence to support this assumption. A hefty proportion of kills occur 
within 200 m of artificial boundaries, although the discrepancy in prey mass utilisation 
facilitated by fences is negligible.  
The mean wild dog pack sizes in larger areas such as northern Botswana and the Selous Game 
Reserve are estimated at 10.4 and 8.9 individuals per pack respectively (Creel et al. 2004). Our 
largest pack, including subadults included up to 13 individuals with a mean of 6.19. The pack 
sizes in our sample sites were smaller than those encountered elsewhere. Despite the 
comparatively smaller pack sizes encountered, our larger wild dog packs were expected to 
select for larger prey items (Creel and Creel 1995). Wild dog in our core sample sites illustrated 
a dissociated relationship between pack size and prey mass. An increase in sample size and a 
greater spectrum in pack size may increase or decrease even further the strength of these 
relationships.  
The differences in attitudes towards African wild dogs between conservation practitioners 
and the general public can potentially hinder conservation actions and efforts as these values 
and attitudes play a major role in acceptance of conservation activities (Karanth et al. 2008). 
Perceptions hold that wild dog deplete the availability of prey, particularly during the denning 
season, when wild dog are generally more sedentary. Mbizah et al. (2014) found that wild dog 
did not significantly reduce impala populations, and wild dog actually select for low prey 
density areas. Selecting for low prey density areas is likely to be an artefact of avoiding costly 
encounters with larger competitors (Mills and Gorman 1997). However, this could potentially 
contribute to the misconception that wild dog deplete prey stocks (Mbizah et al. 2014). 
Although we did not test for the impact of wild dog predation on prey populations, we did 
not find sufficient evidence to suggest that wild dog adversely influenced prey populations 
sizes. Despite receiving below average regional rainfall for the latter period of this study, 
principal dietary prey species such as impala remained stable or increased at three of the five 
sample sites. At the remaining two sites, the uMkhuze impala population size were estimated 
at 10937 individuals and dropped to 5076 individuals two years later in 2016. The estimate of 
10937 impala is the highest the population has been recorded in the last 20 years. Considering 
that wild dog have been present for the last 11 years (initial reintroduction in 2005), impala 
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populations returned to population densities previously estimated. Impala population size at 
Zimanga Game Reserve was reduced from an estimated 1337 individuals to 482 individuals a 
year later in 2016. Management at this particular site removed substantial amounts of wildlife 
from the protected area during this period (exact head of game not given). However, in 
combination with prey removal by management, the influence of wild dog on prey species is 
therefore unknown.  
The undesirable influences induced by fences as found in other studies (Davies-Mostert et al. 
2013), were not as evident in our study. Our smallest reserve and to a lesser extent 
Somkhanda, displayed evidence of fencing significantly influencing prey mass selection. The 
proximity to these hard barriers largely influenced the proportional contribution of prey kills 
with more kills occurring within the vicinity of fences than expected. The affinity towards 
“fence patrolling” may facilitate the capture of prey, however it may also be a reflection of 
spatial avoidance of larger competitors.  
The use of fencing to enclose small protected areas in South Africa is useful to minimize 
negative interactions between wildlife and humans. Protected areas interested in 
reintroducing large carnivores such as wild dog should ensure that sufficient principal prey 
items are present to sustain their consumptive influence. Where fencing has adversely 
manipulated predator-prey interactions, mechanisms such as area expansion should be 
investigated to decrease perimeter fencing to area size (Davies-Mostert et al. 2013). This 
study provides evidence that wild dog in small protected areas can display a narrow dietary 
niche and can select specific prey for consumption. Given the prey and foraging requirements 
of wild dog, harbouring populations of large carnivores in small fenced protected areas is 
integrally complex and will likely continue to require intensive management approaches. Wild 
dog foraging behaviour in small protected areas we studied reflects that of larger open 
systems, and fences in our sample sites showed only marginal evidence of management 
induced niche shifts or evolutionary constraints imposed by fragmentation.  
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Abstract 
The functional significance of top predators in maintaining ecological processes is profound. 
Hence, a reliable understanding of their diet, potential degree of competition and coexistence 
is essential for developing effective conservation strategies. The emerging interest to restore 
large African carnivore populations to parts of their former ranges requires a priori inferences 
to determine the suitability of a prospective reintroduction site. To quantify the potential 
degree of foraging competition amongst a large carnivore guild we analysed 5128 kills made 
by African wild dog Lycaon pictus, cheetah Acinonyx jubatus, lion Panthera leo and leopard P. 
pardus to compare their inter- and intraspecific feeding ecology. Further, we used a case 
study in northern KwaZulu-Natal, South Africa to predict the sustainable density of a potential 
African wild dog reintroduction to a small fenced protected area. African wild dog and 
cheetah, particularly reproductive females with dependent offspring occupied the narrowest 
niche breadth amongst the large carnivore guild, and also exhibited the greatest potential for 
dietary overlap. At a population level, leopard and lion demonstrated greater degrees of 
foraging plasticity than African wild dog and cheetah. The prospective reintroduction site can 
sustain a small population of seven African wild dog. Considering the spatial constraints 
imposed on geographically discrete reintroduced large carnivores, characteristic of small 
fenced protected areas, a managed metapopulation approach as already functional in South 
Africa is encouraged to mimic dispersal and gene flow through management induced 
intervention. The potential reintroduction of African wild dog to a small protected area is 
expected to have potential negative lateral trophic influences on other large carnivore species 
of conservation concern.  
Key words: exploitation competition, diet overlap, prey preference, reintroduction, resource 
partitioning 
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Introduction 
Competition and the underlying mechanisms that facilitate coexistence have long been 
regarded as key foundations in community and evolutionary ecology (Schoener, 1974; 
Saggiomo et al., 2017). As most landscapes generally support multiple carnivore species, 
competitive interactions within species (intraspecific) and between species (interspecific) are 
widespread and can influence ecosystem structures and functioning (Caro and Stoner, 2003; 
Clare et al., 2016; Des Roches et al., 2018). Competitive interactions can take the form of 
direct antagonistic encounters (interference competition) or are excluded from a contested 
resource through exploitive mechanisms (Palomares and Caro, 1999; Linnell and Strand, 
2000). These competitive dynamics often affect the intensity of top-down forces through the 
manipulation of predator densities, demographics and their distributions (Polis eft al. 1989, 
Creel and Creel 1996). As sympatric large predators do not uniformly select for resources 
(Hayward and Kerley, 2008), coexistence is expected to arise from shifts in niche dimensions, 
such as spatio-temporal and forage partitioning (Vanak et al., 2013; Balme et al., 2017; du 
Preez et al., 2017). Large carnivore species are generally regulated by the abundance and 
availability of their primary food items (Karanth et al., 2004; Hayward and Kerley, 2008). 
Therefore, prey is conceivably the most notable resource that can be partitioned for co-
occurring species (Schoener, 1983; Hayward and Kerley, 2008).  
The competition spectra can be particularly profound amongst large African carnivores, 
where as many as five species co-exist, potentially creating complex interspecific interactions. 
Competitive advantages generally favour the larger species whereby asymmetric patterns of 
interaction can result in the displacement or partial exclusion of a subordinate species 
(Volmer et al., 2017). However, these large predator assemblage associations may be 
intensified by anthropogenically induced habitat loss and fragmentation, potentially 
encouraging more frequent encounters with co-occurring carnivore species than what 
naturally would occur.   
Large carnivores are often the first species to be extirpated from an area because of their 
ecological demands, particularly in a fragmented landscape. Despite the large spatial 
requirements and human discordance, large predators have become frequent reintroduction 
subjects across Southern Africa, more particularly into small (< 400 km2) fenced protected 
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areas (Lindsey et al., 2011; Miller et al., 2013; Davies-Mostert, Mills and Macdonald, 2015; 
Welch and Parker, 2016). Reintroduced large carnivore communities on these small protected 
areas are often subject to spatial constraints, often smaller than their home range sizes 
observed in larger intact systems (Davies-Mostert et al., 2015). This is potentially further 
exacerbated, as reintroduced large predators frequently breed, increasing in population size 
and rapidly exceed their site specific sustainable densities (Miller and Funston, 2014). As the 
density of competitively superior predators such as lion Panthera leo may be artificially high 
on these small protected areas (Creel et al., 2013), the viability of supporting intact large 
carnivore guilds that include competitively subordinate meso-predators is questionable. The 
top-down influences of these management induced multi-predator systems may, therefore, 
be acutely profound. Considering that the relationships between large carnivores can mediate 
trophic cascades through indirect or direct coerces (Ripple et al., 2015; Newsome et al., 2017; 
Winnie and Creel, 2017; Beschta, Painter, and Ripple, 2018), the influence of potential 
competition is required to be integrated with reintroduction planning efforts. 
The endangered African wild dog Lycaon pictus (hereafter wild dog) has experienced 
significant population and range contractions due to anthropogenically induced habitat 
fragmentation (Woodroffe and Sillero-Zubiri, 2012). As a conservation mitigation measure 
and to expand range, wild dog have been reintroduced into several small protected areas in 
South Africa (Davies-Mostert et al., 2015). The relatively small size of wild dogs makes them 
particularly vulnerable to competition (Palomares and Caro, 1999). As the energetic output 
of wild dog is high, interspecific competition can increase foraging costs (Gorman et al., 1998). 
Wild dog, therefore, employ mechanisms to avert potentially lethal or kleptoparasitic 
encounters with larger predators such as lion by seeking landscape or temporal refuges 
avoided by competitively superior species (Darnell et al., 2014; Dröge et al., 2017). However, 
the confined nature of reintroduced large carnivores in small fenced reserves may artificially 
induce costly competitive encounters (Mbizah, Marino and Groom, 2012), such that 
competitive exclusion may occur leading to the localised extinction of the meso-predator 
(Gause, 1932). In resource limited environments, dominant predators that encompass a large 
dietary overlap with a smaller meso-predator such a wild dog may suppress the subordinate 
species through competitive exclusion (Pianka, 1973). The dimensional degree of dietary 
niche overlap amongst large carnivores can, therefore, be indicative of potential co-existence.  
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Variation in the interspecific feeding ecology amongst large predators can produce large 
discrepancies in resource use (Rostro-García, Kamler, and Hunter, 2015; Broekhuis et al., 
2018). However, studies investigating large predator diets are frequently obscured by 
divergences in intraspecific resource utilisation (Broekhuis et al., 2018). As competition incurs 
a cost, prey utilisation is assumed to reflect realised profitability. It is therefore unclear how 
different predator social groups (e.g. male, female, coalitions) compete for prey resources. 
Evaluating the conditions for a reintroduction candidate species to establish and persist 
within a landscape is challenging, as there is often little, to no information available for the 
species at the particular site (Breitenmoser, 1998; Armstrong and Seddon, 2008). For 
example, the trophic influences imposed on wild dog at a potential reintroduction site by 
competing carnivores is therefore unknown. Anticipatory modelling may assist in making 
predictions before new reintroductions and can provide direction in site suitability and 
potential appropriate measures to enhance reintroduction success (Huber et al., 2014). The 
evaluation of reintroduction efforts has largely been retrospective in nature, and it has been 
suggested that the science of reintroduction biology now requires greater application in 
hypothetico-deductive approaches (Seddon, Armstrong and Maloney, 2007). 
Using a case study, we aim to gain insight into the feasibility of reintroducing wild dog to a 
small protected area, by characterising the potential dietary overlap with existing sympatric 
large carnivores. We determine and compare cheetah Acinonyx jubatus, leopard P. pardus, 
and lion prey composition, diet breadth, overlap, prey preference and predict the density of 
an intact large carnivore guild in a prospective wild dog reintroduction site. A significant 
overlap in diet may reduce coexistence with sympatric carnivores if resources are limited 
(Harihar, Pandav and Goyal, 2011). We, therefore, hypothesize that even on small fenced 
protected areas, the variation in large carnivore dietary niches will facilitate coexistence.  
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Methods 
Study area 
The study was conducted in the Zululand and uMkhanyakude districts of northern KwaZulu-
Natal, South Africa. The region, hereafter referred to as the Zululand Maputaland 
Conservation Complex (ZMCC) is geographically located between longitudes 31°-33° and 
latitudes 25°-27°. The subtropical region forms part of the Maputaland-Pondoland-Albany 
Hotspot due to its high levels of species diversity and endemism (Steenkamp et al., 2004). The 
landscape is predominantly described as African Savanna biome (Mucina and Rutherford, 
2006). However, the Indian Ocean Coastal Belt Biome (dominant forest cover interspersed 
with grasslands) and relict patches of Licuati Sand Forest and are also present (Mucina and 
Rutherford, 2006).  
Our primary study site that we used for our case study, Phinda Private Game Reserve (232 
km2) (Phinda hereafter) is situated in the Southern Maputaland Coastal Plain of northern 
Kwazulu-Natal, South Africa at latitudes 27° 40’ to 27° 55’ south and longitude 31° 12’ to 32° 
26’ east. Before establishment, the land was utilised for hunting, farming of pineapples, 
cotton, and cattle (Hunter et al., 2007). All farming practices have discontinued, and the land 
is currently operated as an up-market tourism operation. 
We used field observations from Phinda to characterise cheetah, lion and leopard dietary 
patterns. Lion and cheetah reintroduction efforts commenced from 1992 with several 
reinforcement and removals to augment or reduce existing population sizes (Hunter et al., 
2007). Leopard and spotted hyena Crocuta crocuta naturally occur within the landscape. 
However, spotted hyena are considered to occur at very low densities and have therefore 
been excluded from our analyses (Rostro-García et al., 2015). 
As Phinda does not harbour a resident wild dog population, we sourced and extrapolated 
from wild dog dietary data collected at five small protected areas in the ZMCC where wild dog 
have been reintroduced (Vogel, Somers, and Venter, 2018). Wild dog foraging behaviour was 
characterised by using direct observations obtained namely from Somkhanda Game Reserve 
(Somkhanda: 106 km2), Zimanga Private Game Reserve (Zimanga; 53 km2), Manyoni Game 
Reserve (Manyoni: 217 km2), Thanda Royal Game Reserve (Thanda: 70 km2) and uMkuze 
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Game Reserve (uMkhuze: 338 km2). Cheetah, leopard and lion foraging data were not 
available from these sites and therefore, we made use of an existing extensive dataset 
obtained at Phinda to make inferences regarding the potential trophic influences on a wild 
dog reintroduction. The trophic influences competition has on the prey selection of co-
occurring species is unknown. However, there is not sufficient evidence to suggest that 
competition amongst the large carnivore guild influences population-level outcomes (Balme 
et al., 2017; Miller et al., 2018). Wild dog do not use prey species at random as they displayed 
relative consistency in prey species and prey mass selection across all five sites despite the 
variance in sympatric carnivore species presence and density (Table 3.2) (Vogel et al., 2018). 
Therefore, the extrapolation of wild dog dietary data is justified.  
 All sample sites (Fig. 5.1) are legally obligated to be enclosed by electrified perimeter fencing 
to restrict the dispersal of potentially dangerous wildlife species (Hunter et al., 2007; 
Odendaal-Holmes, Marshal, and Parrini, 2014). Phinda and the additional five protected areas 
used to extrapolate wild dog data from, support a similar and rich diversity of potential prey 
species including blue wildebeest Connochaetes taurinus, common warthog Phacochoerus 
africanus, greater kudu Tragelaphus strepsiceros, impala Aepyceros melampus, nyala 
Tragelaphus angasii, plains zebra Equus quagga and waterbuck Kobus ellipsiprymnus. 
Field data collection 
We collated 20 years of leopard and 22 years (1996- March 2018) of cheetah and lion foraging 
observations on Phinda. Dietary data were obtained through a combination of direct 
observations: an ongoing monitoring program together with eco-tourist field guide 
observations locate and follow focal species on a daily basis. Large predators on Phinda are 
habituated to the presence of vehicles. Also, despite the extensive road network, game drives 
were not restricted to roads. An experienced tracker positioned in the front of the vehicle 
would scan for large predator tracks. Once tracks were located, the guide and tracker follow 
by means of vehicle or foot to obtain a visual on the predator. The likelihood of locating large 
predators was further improved as guides, and wildlife monitors were in radio contact. Once 
a large predator had been located, observations recorded included the unique identity of the 
individual, coordinates (latitude and longitude), if a kill was witnessed, and where possible:  
prey species, prey age, sex and predator responsible was recorded. 
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Figure 5.1: The location of large predator sample sites in the Zululand Maputaland 
Conservation Complex, South Africa; Somkhanda Game Reserve (1), Zimanga Private Game 
Reserve (2), Manyoni Game Reserve (3), Thanda Royal Game Reserve (4) and uMkhuze Game 
Reserve (5) and Phinda Private Game Reserve (6). Other formally protected conservation 
areas are illustrated in dark grey. 
To estimate the proportional availability of prey species on Phinda, we used aerial based total 
wildlife censusing (2001-2017). A helicopter containing a crew of four people; recorder, two 
observers and pilot fly predetermined parallel transects over the entire protected area. The 
census occurs once a year at the end of the dry season (August - September) to increase prey 
species probability of detection. Total counts are further subject to standard visibility 
correction factors designed for savanna ecostems (Owen-Smith and Mills, 2008) to account 
and adjust for undetected cryptic species.   
In terms of interspecific competition, we refer to the interaction between the four large 
predator species (cheetah, leopard, lion and wild dog). Also, we aim to identify the large 
predator social groupings that are expected to contribute to potential pairwise competition 
in the context of a prospective wild dog reintroduction. Large predator social groups have 
therefore been categorised based on their distinctive demographic characteristics as; three 
cheetah groups (cheetah male coalitions, cheetah female with dependent offspring, and 
solitary male or female individuals), three lion groups (lion male/s, lion prides, and solitary 
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lionesses with or without offspring), two sets of leopard (male and female leopard) and lastly 
one wild dog group (wild dog pack). We consider the grouping to reflect the circumstances 
under which the hunting observations occur, for example, if a known lioness is away from her 
natal pride and makes a kill, the observation is recorded as a solitary lioness. This was mostly 
achieved through continuous follows. Despite the lioness’s membership to a particular pride, 
as no other lions were present or contributed to the hunt, we believe that our groupings are 
sufficiently fine scale to disentangle the intraspecific interactions and foraging behaviours 
synergistically and within the large carnivore assemblage. The single cheetah grouping is a 
culmination of observed prey utilisation for both solitary male and solitary female cheetah. 
The grouping of these two cheetah demographics are justified as they used similar prey items, 
ultimately improving our sample size.  
We used two approaches to describe large predator diet. Firstly, we describe prey kills at the 
lowest taxonomic level, hereafter as prey species utilisation and secondly as prey mass 
utilisation.  We included prey mass as a metric to determine resource portioning, as a positive 
linear relationship has previously been suggested between predator mass and a standardised 
mean mass of their prey (Radloff and Du Toit, 2004). Large predators may, therefore, utilise 
opposing spectrums of prey in terms of prey body size (Clements et al., 2014). Supplementing 
diet descriptions of large predators with estimates of biomass of prey estimates together with 
prey species should consequently provide a more holistic approach in predicting resource 
partitioning.  
Diet composition 
To verify whether diet composition varied amongst each predator species, and predator social 
group, we determined and expressed prey species composition as the prey relative 
contribution (%) to overall diet. Confidence intervals (95 %) were generated by means of 
running 1000 bootstrap simulations around the mean relative frequency of a prey item. 
Despite the occurrence of intraguild killing during the study period, we considered this as 
interference competition as opposed to true predation, particularly as these species are 
usually killed and not eaten. Cheetah, honey badger Mellivora capensis, leopard, lion, side-
striped jackal Canis adustus, and spotted hyena were killed by sympatric carnivores and were 
excluded from further diet composition analyses.  
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Dietary overlap and breadth 
To determine the relative degree of diet specialisation (equal utilisation distribution of 
available prey species) for each large predator species and social group, we applied a Levin’s 
index of niche breadth (1968). Following Hurlbert (1978), index values were rescaled from “0” 
to “1” by standardising the breadth measure as:  
BA =
(
1
∑ 2Pij
) − 1
n − 1
 
          (Equation 1) 
 
where BA is the standardised index of niche breadth, Pij is the proportion of the diet of 
predator i on prey j. n is the number of possible resource states. We considered the number 
of possible resource states as the sum of prey species made by all predators. Index values 
range from “0” to “1” indicating an ascending generalist foraging pattern respectively. We 
present both the niche breadth estimate (B) and standardised niche breadth (Ba) estimate. 
Further, we calculated Pianka’s (1973) index values to predict the scope for potential 
competition in patterns of prey use overlap as:  
Ojk =
∑ pijpik  
√∑ p2 ij ∑ p2 jk)
 
          (Equation 2) 
 
pi represents the frequency of occurrence of a particular prey item i in the predicted diet of 
species j and k.  The index value (O) will indicate the overlap in predicted diets ranging from 
1 (full overlap) to 0 (full separation). We, therefore, had six and 36 pairwise comparisons 
based on predator species and predator social groupings respectively. This method allows for 
comparison with other studies that have investigated prey preference overlap (Hayward and 
Kerley, 2008). Pairwise dietary overlap indices where 0jk= > 0.85 were considered to be 
biologically meaningful.  
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Prey species preference 
The preference for prey species was compared by constructing preference ratio indices for 
years 2001 to 2017 for each predator species and social group. We constructed modified 
Jacobs’ indices (Jacobs, 1974) by comparing prey proportional availability to prey proportional 
utilisation as:  
 
D =  
r − p
r + p − 2rp
 
          (Equation 3) 
where r represents the annual proportion of kills and p is the annual proportional availability 
of that prey species in comparison to the number of species preyed on by a particular large 
predator species (Hayward et al., 2006). The D value of the Jacobs Index ranges from -1 to       
+ 1, with +1 indicating maximum preference and -1 value indicating maximum avoidance 
(Jacobs, 1974). Each prey species Jacobs’ index was tested for significant 
avoidance/preference by using a t-test against a hypothetical mean of “0”. Where data do 
not conform to normality (Shapiro-Wilks test), we have used a z-sign test.  The analysis of prey 
preference further identifies prey species utilised proportional to their density, and therefore, 
provides an estimate of if prey utilisation is related to prey abundance. We present prey 
preference indices for lion, leopard and cheetah in comparison to wild dog prey preferences 
obtained from Vogel et al. (2018), that used the same methodology.     
Inter- and intraspecific variation in prey size 
Prey mass was estimated for observed kills based on the identified prey species age and sex. 
The adult mass (kg) was obtained from Bothma et al. (2002), Sinclair (2002), and Skinner and 
Smithers (1990). Subadult mass was corrected to be 70 %, and juvenile as 30 % of the mass 
of an adult female (Radloff and Du Toit, 2004). When the sex or age of an individual prey item 
was not described or uncertain, the standard unit mass (adult female mass by a factor of 0.75) 
for the species was used (Jooste et al., 2013). We compared the inter- and intraspecific prey 
size utilisation amongst the large carnivore guild using a non-parametric ANOVA procedure 
with Dunnett’s multiple pairwise comparisons.  
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Density predictions 
We determined the mean (± SE) sustainable predator density for the most recent three-year 
period (2014-2016) for Phinda using a predictive regression approach (Hayward, O’Brien and 
Kerley, 2007). The sustainable density of a large predator was predicted from the biomass 
(kg/km2) of preferred prey species or the biomass of prey in the preferred weight range. The 
biomass of prey (kg/km2) is based on adult female prey mass multiplied by a factor of 0.75 
(Jooste et al., 2013).  
We included and made predictions for the year 2018 as the protected area is expected to 
expand from the current 231.66 km2 to 285.28 km2 through protected area expansion 
agreements with neighbouring property holders. We hypothesise that the increase in habitat 
available (by 53.55 km2) to prey and ultimately their predators will increase their predicted 
population sizes and will further allow for improved natural population regulation and less 
intensive management requirements.  Aerial based census techniques applied at Phinda were 
used to estimate prey availability in expansion zones. Evidence suggests that lion, leopard and 
wild dog density is strongly correlated to the biomass of their preferred prey species (Hayward 
et al., 2007). However, the biomass of the preferred prey body mass range has been 
suggested to be better predictor of cheetah density than the biomass of their preferred prey 
species (Hayward et al., 2007). 
Results 
Diet description 
We obtained 5128 known kills made by large predators (cheetah= 1427, leopard= 500, lion= 
2648 and wild dog= 553) to define prey profiles, representing 35 prey species (two avian, 
three reptile and 30 mammal species). In the context of each carnivore species’ prey 
composition, lion exhibited marked differences in prey species utilisation compared to the 
other carnivores. The principal dietary prey item (> 25 % of diet) for lion was largely attributed 
to the utilisation of warthog (26 % ± 1.1 ). Cheetah, leopard, and wild dog comparatively used 
similar prey items to each other. Nyala contributed frequently to the diet profiles of leopard 
(40 % ± 3.22), cheetah (35 % ± 1.83) and wild dog (35.09 % ± 0.07). However, impala formed 
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a greater contribution to cheetah (42 % ± 2.32) and wild dog (39.87 % ± 0.05) diet profiles in 
comparison to leopard (23 % ± 2.7). Prey species composition that form > 1 % contribution of 
overall diet for each respective large predator is presented as Table 5.1. As rare and incidental 
prey items can collectively form a larger contribution to diet characterisation they are 
presented as supplementary material 3 (Table A1). 
Diet breadth and overlap  
Lion (B= 5, Ba= 0.2) followed by leopard (B= 4.02, Ba= 0.09) displayed the broadest and most 
generalist dietary niche patterns. Comparatively, wild dog (B= 3.61, Ba= 0.08), and cheetah 
(B= 3.27, Ba= 0.07) employed more specialised dietary feeding strategies than their larger 
counterparts (Table 5.2). The competitive overlap between wild dog and cheetah is further 
shown, as cheetah and wild dog exhibited a near complete dietary overlap (O= 0.99). Lion was 
the only large predator that indicated a low dietary overlap with all sympatric carnivores, 
further suggesting the greatest catholic diet. Leopard, cheetah and wild dog populations 
synergistically experienced significant dietary overlap with each other (Fig. 5.2). 
In terms of prey species contribution towards potential competition, wild dog shared a 
significant overlap with all cheetah social groups (Omean= 0.92 ± 0.06). Based on all 36 predator 
social group pairwise comparisons, wild dog packs and cheetah females with dependent 
offspring (O= 0.99) followed by solitary cheetah (O= 0.96) displayed the greatest overlap in 
diet, and therefore the potential for dietary competition. Lion social groups exhibited 
negligible degrees of resource portioning with wild dog packs (Omean= 0.48 ± 0.02). However, 
the diets of the three lion social groups (lion male, lion prides, solitary lionesses) largely 
overlapped with each other (Table 5.3). Wild dog displayed a greater dietary overlap with 
female leopards (O= 0.95), than male leopards (O= 0.81). 
Interspecific prey preference 
We calculated prey preferences for 15 potential prey items (Table 5.4). At the predator 
species level, the cheetah population displayed a prey species preference for the two most 
abundant medium size prey species (impala D= 0.3 ± 0.044, z= 7.4, P= <0.001; and nyala D= 
0.11 ± 0.04, t16 = 2.6, P= 0.02) and common duiker (D= 0.45 ± 0.2, z= 2.2, P= 0.03). 
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Table 5.1:  The mean prey species dietary contribution (%) of cheetah, leopard, lion and wild dog in protected areas in KwaZulu-Natal, South 
Africa. Upper and lower confidence intervals (CI) are obtained by 1000 bootstrap iterations. Prey species contributing < 1 % of diet are regarded 
as rare and incidental prey items, hence are excluded. Prey species exceeding 25 % of diet are highlighted in bold.  
 
  Cheetah  Leopard  Lion  Wild Dog 
 Species   Mean CI CI  Mean CI CI  Mean CI CI  Mean CI CI 
Buffalo, African Syncerus caffer 0.00 0.00 0.00  0.00 0.00 0.00  1.78 0.89 2.67  0.71 -0.16 1.59 
Bushbuck, Southern Tragelaphus angasii 0.00 0.00 0.00  0.06 -0.07 0.19  0.00 0.00 0.00  1.22 0.12 2.32 
Duiker, Common Sylvicapra grimmia 3.23 2.14 4.32  3.36 1.75 4.98  0.11 -0.07 0.29  2.45 0.43 4.48 
Duiker, Natal Red Cephalophus natalensis 2.50 1.32 3.67  3.48 0.92 6.04  0.14 0.01 0.28  2.94 0.28 5.61 
Giraffe, South African Giraffa giraffa 0.06 -0.06 0.17  1.15 -0.09 2.40  3.76 1.98 5.54  0.00 0.00 0.00 
Impala, Common Aepyceros melampus 42.39 37.75 47.02  23.60 18.38 28.81  3.39 1.91 4.86  39.87 31.18 48.57 
Kudu, Greater Tragelaphus strepsiceros 3.32 2.12 4.52  0.59 -0.30 1.48  2.92 1.91 3.92  4.13 0.84 7.41 
Monkey, Vervet Chlorocebus pygerythrus 0.00 0.00 0.00  1.09 0.12 2.06  0.00 0.00 0.00  0.00 0.00 0.00 
Nyala Tragelaphus angasii 34.85 31.14 38.57  40.75 33.26 48.24  21.28 18.19 24.36  35.09 21.87 48.30 
Reedbuck, Common Redunca arundinum 3.99 2.30 5.68  1.50 0.06 2.95  0.25 0.04 0.46  1.60 0.17 3.03 
Warthog, Common Phacochoerus africanus 1.60 0.75 2.45  18.17 12.95 23.39  26.63 24.14 29.13  6.19 -3.56 15.93 
Wildebeest, Blue Connochaetes taurinus 5.15 2.57 7.74  1.01 -0.32 2.34  23.83 20.83 26.84  3.94 1.32 6.56 
Zebra, Plains Equus quagga 1.51 0.80 2.22  1.32 -0.39 3.03  13.59 10.82 16.37  0.29 -0.15 0.73 
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Lion displayed a contrasting prey species preference to sympatric predators as they selected 
for prey items frequently avoided by cheetah, leopard and wild dog. Lion preferred four prey 
species less preferred or infrequently used by sympatric predators, comprising of giraffe (D= 
0.26 ± 0.08, t16= 3.23, P= 0.005), warthog (D= 0.29 ± 0.04, t16= 7.88, P= <0.001), blue 
wildebeest (D= 0.59 ± 0.04, z= 14.64, P= <0.001), and plains zebra (D= 0.37 ± 0.07, t15= 5.07, 
P= < 0.001). As with wild dog, leopard at the predator species level exhibited preference for 
a single prey species (nyala: D= 0.23 ± 0.06, t14= 3.69, P= 0.002). 
 Table 5.2: Prey mass utilisation comparison between sympatric large predator social groups 
on Phinda Private Game Reserve. N is the total count of all kills observed, and the median 
prey mass (kg). Minimum and maximum represent the mass range (kg) of prey items killed. 
The dietary niche (B) and standardised dietary niche (Ba) represents the predator species 
niche breadth.  
Predator species N Median prey mass Minimum Maximum B Ba 
Cheetah 1427 45 1.86 320 3.27 0.07 
    Cheetah coalition 43 54 8 320 5.29 0.13 
   Cheetah female with offspring 125 45 2 224 3.18 0.06 
    Solitary cheetah 30 33.75 12 135 3.24 0.07 
Leopard 500 54 0.1 1192 4.02 0.09 
   Leopard female 64 45 0 108 3.93 0.09 
    Leopard male 100 45 2 1192 3.96 0.09 
Lion 2648 108 2.625 1192 5.00 0.12 
   Lion male 40 135 18 1120 6.70 0.17 
   Lion pride 1677 108 3 1192 4.73 0.11 
   Solitary Lioness 89 80 18 580 4.86 0.11 
Wild dog 553 47 3 225 3.61 0.08 
 
Intraspecific prey preference 
Nyala (0.32 ± 0.19) formed the greatest proportion of prey available. However, similar to wild 
dog pack prey selection, nyala were only otherwise preferred (D > 0.3) by the leopard male 
group. Impala (0.27 ± 0.12) were the second most abundant prey and were preferred by 
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cheetah females with offspring and solitary cheetah. Impala were further actively avoided by 
all lion social groups and leopard males. Prey species preference overlap between cheetah 
coalitions and lions was evident in their mutual selection for blue wildebeest and zebra, which 
was actively avoided by all other carnivore groups. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2: The potential interspecific dietary niche overlap (Oij converted to percentages) 
between sympatric large carnivores in a small fenced protected area. In clockwise order; lion, 
leopard, wild dog, cheetah). Bold connections indicate a significant (> 85 %) pairwise dietary 
niche overlap (images sourced and accepted under terms and conditions of the Creative 
Commons Attribution International Public License - labelled for noncommercial reuse with 
modification (http://pngimg.com/license) courtesy of Alex Hash).  
Contrary to the prey preferences of the rest of the carnivore guild, all three lion groups 
preferred to utilise giraffe and lion males selected for buffalo, which were characteristically 
unutilised by other predator groups. Analogous to female cheetah with offspring and solitary 
cheetah, leopard females displayed a strong preference for both common and red duiker 
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species. Prey species preferences for all predator groups are presented as supplementary 
material 3 (Table A2).  
Table 5.3: Predicted dietary niche overlap matrix amongst a large carnivore assemblage on 
Phinda Private Game Reserve. Overlap values range from 0 to 1, corresponding to an increase 
in dietary overlap, based on prey species utilisation. Bold values depict biologically significant 
relationships.  
  
 Cheetah 
coalition 
Cheetah 
with cubs 
Cheetah 
solitary 
Leopard 
female 
Leopard 
male 
Lion 
male 
Lion 
pride 
Solitary 
lioness 
Wild dog 
pack 
Cheetah coalition  1.00 
        
Cheetah with cubs  0.77 1.00 
       
Cheetah solitary  0.76 0.96 1.00 
      
Leopard female  0.78 0.92 0.87 1.00 
     
Leopard male  0.80 0.76 0.67 0.93 1.00 
    
Lion male  0.74 0.44 0.48 0.55 0.66 1.00 
   
Lion pride  0.81 0.41 0.47 0.56 0.71 0.90 1.00 
  
Solitary lioness  0.76 0.34 0.41 0.49 0.64 0.90 0.99 1.00 
 
Wild dog pack  0.80 0.99 0.96 0.95 0.81 0.51 0.49 0.43 1 
Prey size utilisation  
At the predator interspecific level, lion (median prey size = 108 kg) significantly selected for 
dissimilar prey masses (H3= 1080.95, P= <0.001) from leopard (45 kg), cheetah (45 kg) and 
wild dog (46.5 kg). Predator species prey mass composition showed that lion used significantly 
larger prey items in our sample site, whilst leopard, cheetah and wild dog categorically used 
a similar spectrum of prey sizes (Table 5.2).   
A significant difference in prey mass utilisation was observed between sympatric large 
predator social groups (H8= 576.68, P= < 0.001). Lion males used the largest prey species 
(median= 135 kg), albeit similar to solitary lionesses (80 kg) and lion prides (108 kg). Solitary 
lionesses and male cheetah coalitions (54 kg) indicated resource partitioning in prey mass 
utilisation, while all leopard, cheetah and wild dog groups overlap with each other (Fig. 5.3).  
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Table 5.4: The mean prey preference (D ± SE) of sympatric large carnivores on Phinda Private Game Reserve. Significant patterns of selection are 
emphasised in bold (P= <0.05), tested (z/t) against a hypothetical mean of “0”.  
   Lion  Leopard  Cheetah  Wild Dog 
Species  Mean SE z/t P  Mean SE z/t P  Mean SE z/t P  Mean SE z/t P 
Buffalo, African  -0.38 0.11 -3.51 0.00  -1.00 0.00    -1.00 0.00 - -  -0.60 0.21 -2.79 0.01 
Duiker, Common  -0.91 0.09 -9.69 < 0,001  -0.10 0.26 -0.37 0.71  0.45 0.20 2.21 0.03  0.26 0.28 0.92 0.36 
Duiker, Natal Red  -0.86 0.08 -10.51 < 0,001  -0.18 0.23 -0.78 0.43  -0.07 0.20 -0.36 0.72  0.27 0.28 0.97 0.33 
Giraffe, South African  0.26 0.08 3.23 0.01  -0.75 0.14 -5.28 < 0,001  -0.95 0.05    -1.00 0.00 0.00 - 
Hippopotamus  -0.85 0.14 -5.51 < 0,001  -1.00 0.00    -1.00 0.00    -1.00 0.00 - - 
Impala, Common  -0.84 0.04 -22.45 < 0,001  -0.09 0.08 -1.07 0.30  0.33 0.04 7.41 < 0,001  0.00 0.05 -0.04 0.97 
Kudu, Greater  -0.03 0.10 -0.28 0.78  -0.83 0.12 -6.86 < 0,001  -0.01 0.14 -0.06 0.95  -0.25 0.20 -1.24 0.26 
Nyala  -0.20 0.05 -3.91 0.00  0.23 0.06 3.69 0.00  0.11 0.04 2.60 0.02  0.47 0.07 6.37 0.00 
Reedbuck, Common  -0.71 0.13 -4.98 < 0,001  -0.77 0.16 -4.98 < 0,001  -0.03 0.20 -0.15 0.88  -0.37 0.29 -1.26 0.26 
Rhinoceros, Black  -1.00 0.12    -1.00 0.00    -1.00 0.00 - -  -1.00 0.00 - - 
Rhinoceros, White  -0.79 0.10 -7.55 < 0,001  -1.00 0.00    -1.00 0.00    -1.00 0.00 - - 
Warthog, Common  0.29 0.04 7.88 < 0,001  0.06 0.07 0.88 0.39  -0.78 0.07 -10.78 < 0,001  -0.69 0.16 -4.36 < 0,001 
Waterbuck  -0.40 0.19 -2.05 0.04  -1.00 0.00    -0.79 0.14 -5.52 < 0,001  -0.62 0.25 -2.46 0.01 
Wildebeest, Blue  0.59 0.04 14.64 < 0,001  -0.81 0.10 -8.39 < 0,001  -0.29 0.10 -3.00 0.01  -0.58 0.12 -5.01 0.00 
Zebra, Plains  0.37 0.07 5.07 0.00  -0.85 0.11 -7.96 < 0,001  -0.69 0.08 -8.36 < 0,001  -0.88 0.11 -8.35 < 0,001 
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Figure 5.3: Prey size (kg) comparison between sympatric cheetah coalitions (Cc), cheetah with dependent offspring (Cf), solitary cheetah (Cs), 
leopard females (Lef), leopard males (Lem), lion males (Lm), lion prides (Lp), solitary female lions (Lf) and wild dog packs (Wd) on Phinda Private 
Game Reserve. The central horizontal bars are the median prey mass sizes (kg). The lower and upper limits of the box are the first and third 
quartiles, respectively for each large predator.  
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Predicted predator population densities 
Wild dog displayed the lowest mean predicted density compared to all sympatric predators 
(0.025 km2 ± 0.001), with an expected population size of 6 ± 0.238 individuals. The expected 
expansion in protected area size the by 53.55 km2 will increase the estimated population size 
of wild dog by a single individual. Considering the social cooperative dynamics of wild dog, 
pack sizes lower than a critical threshold may be susceptible to poor reproduction and 
survival, ultimately leading to the collapse of the entire pack and reintroduction effort 
(Courchamp, Rasmussen, and Macdonald, 2002). Our estimate of seven adult members is 
within the range analogous to mean pack sizes observed in other savanna ecosystems (Fuller 
et al., 1992; Somers et al., 2008; Groom, Lannas and Jackson, 2017). The ratio of lion, leopard, 
cheetah to wild dog is expected to approximate to 4:2:1:1 respectively.  
In the absence of wild dog, current cheetah and leopard population densities exceed model 
predictions based on the availability of prey biomass (Fig. 5.4). Lion density estimates proved 
a good fit, as actual lion densities overlap with their predicted densities.  
 
Figure 5.4: Model density predictions for lion (EL), leopard (ELEOP), cheetah (EC) and wild dog 
(EWD) based on biomass (kg/km2) of preferred prey and preferred prey weight range. Actual 
density estimates for lion (AL), leopard (ALEOP) and cheetah (AC) are compared to predicted 
density estimates.  
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Discussion 
Acquiring an understanding of a predator’s diet is vital in evaluating its role in the ecosystem 
and developing effective conservation plans. Our findings suggest that African large 
carnivores in small protected areas are subject to a considerable dietary niche overlap. At the 
species level, wild dog and cheetah displayed the greatest potential for dietary competition 
amongst the carnivore guild. Wild dog and cheetah also equally displayed greater specialised 
dietary niches opposed to the other large carnivores. The inherent rarity of these two large 
carnivores in natural systems has been theorised to be an artefact of their trophic positioning 
as subordinate to lions and spotted hyenas, particularly in the case of antagonistic encounters 
through interference competition (Mills and Gorman, 1997; Durant, Kelly, and Caro, 2004). 
However, the narrow feeding niches of wild dog and cheetah as observed in our sample sites 
has also been suggested to contribute towards the low observed densities across the species 
ranges (Hayward and Kerley, 2008). At the interspecific level, leopard and lion exhibited a 
greater plasticity and generalist approaches in foraging behaviour. We predict that the broad 
dietary niche, diet flexibility and the comparatively insignificant dietary overlap with 
sympatric carnivores as observed in our study has, also, contributed towards the successful 
reintroduction of, particularly lion to other small protected areas in South Africa.  
The degree of resource overlap between sympatric carnivores can be a useful proxy for 
conditions of competition (Broekhuis et al., 2018). However, unless the resource is limited, 
the overlap in resource use does not necessarily provide sufficient evidence that competition 
is present (Melero et al., 2008). In small enclosed systems, as characteristic of our sample site, 
the influence on the available prey base and competing predators may be augmented by the 
restriction in potential refugia. Where overlap in diet is high, predators are expected to 
employ temporal or spatial behavioural adjustments to facilitate coexistence (Lovari et al., 
2015; Dröge et al., 2017; Karanth et al., 2017). In small protected areas, managers should, 
therefore, strive to promote the heterogenous nature of prey and habitats to moderate 
possible artificially high levels of competition.  
In our study site, lion selected different prey species to the other predators. Nyala is an 
important preferred diet component for wild dog, leopard and cheetah. Solitary female 
cheetahs generally used the smaller impala more frequently. Synonymous to lion, male 
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cheetah coalitions made use blue wildebeest. However, cheetah coalitions preferred juvenile 
blue wildebeest. Cheetah coalitions are usually composed of two or three males, which 
through cooperative hunting allows them to subdue larger prey than what would be used by 
solitary individuals. Wild dog and female cheetah with offspring together with solitary 
cheetah showed the greatest potential for dietary overlap of all sympatric predators. This 
phenomenon should be of particular importance to the management of small protected areas 
harbouring intact predator guilds.  If competition amongst wild dog and reproductive cheetah 
females occur beyond the threshold of spatio-temporal avoidance, the reproductive output 
of the entire cheetah population maybe compromised.  
The temporal switching between prey species may be steered by prey vulnerability or 
abundance (Hayward, 2011; Bissett, Bernard, and Parker, 2012). Cheetah on Phinda selected 
for common reedbuck in the early years of this study, ultimately contributing to the large-
scale reduction of an important prey species. The lowered density of this prey species most 
likely contributes to an energetically costly trade-off of search-encounter-handling effort of 
the rare prey species, consequently shifting to alternative prey species than common 
reedbuck. The successive collapse of an important prey species for cheetah is therefore, 
expected to extend into the preferred prey preference of wild dog through observed prey 
switching. 
In the absence of competition, large predator populations have been known to rapidly 
increase beyond their perceived sustainable densities (Hayward et al., 2007; Miller et al., 
2013). As the sole large predator, cheetah reintroduced to Suikerbosrand Nature Reserve in 
South Africa precipitously attained above innate densities and were subsequently removed 
due to their excessive impact on prey species (Pettifer, 1981). As the competitive spectra had 
been reduced, the cheetah population could “boom”. Competition induced by sympatric 
species could potentially mediate this abrupt transfer of tropic levels through mechanisms 
such as meso-predator regulation. For example, estimated leopard populations in prey scarce 
parts of Asia have progressively declined at the onset of tiger (P tigris) recovery programs 
(Harihar et al., 2011; Mondal et al., 2012). Due to extensive dietary overlap between leopard 
and the increasing number of tiger has initiated population responses in leopard to the 
heightened resource partitioning, reducing leopard densities (Karanth and Sunquist, 1995; 
Harihar et al., 2011; Mondal et al., 2012). These examples highlight the influence of 
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competition in food-web and population dynamics, particularly in resource poor 
environments.   
A positive relationship between large herbivore and large carnivore biomass exists (Carbone 
and Gittleman, 2002), implying that large carnivore densities are often contingent on prey 
densities (Hayward et al., 2007). In light of this, it seems plausible that large predator density 
predictions can be derived from estimates of prey abundance and density (Karanth et al., 
2004; Hayward et al., 2007). Based on the preferred prey densities available, we estimated 
that the Phinda conservation area could support a single pack of seven wild dog. Wild dog 
generally den and breed on an annual basis (Jackson et al., 2014), and therefore it is expected 
that this population would exceed sustainable density within the first reproductive year. If 
wild dog were to be reintroduced to Phinda, an intensive management approach would be 
required due to the low potential stocking density. As small discrete populations are prone to 
genetic, demographic and environmental stochasticity (Shaffer, 1981), a managed 
metapopulation approach, as already functional in South Africa (Hanski and Gilpin, 1991; 
Davies-Mostert et al., 2015), can assist in managing the population by mimicking dispersal 
and gene flow through human intervention.  
Observed cheetah and leopard population densities well exceeded our population density 
estimates. Functional redundancy (Miquelle et al., 2005; Suraci, Clinchy, and Zanette, 2017), 
an often-overlooked concept, whereby a species such as a cheetah can fulfil its fundamental 
and surrogate niche dimension in the absence of a competing predator such as wild dog. 
Competition in multi-predator assemblages can reduce the magnitude of predator 
redundancy. The observed unique prey preferences of each carnivore species suggests that 
redundancy is rare in large carnivores. However, we expect, considering the significant 
overlap in prey resources, the reintroduction of wild dog to the Phinda ecosystem will 
influence cheetah population sizes and behaviour. As fences restrict the potential for 
immigration and emigration of prey species, wild dog and cheetah are expected to be exposed 
to artificially high levels of competition due to the finite nature of shared resources.   
We extrapolated out data from five small regional protected areas to make inferences about 
the potential dietary competition with sympatric carnivores on Phinda. It is uncertain how the 
presence or density of sympatric carnivores influences foraging behaviour of wild dog. 
Cheetah, leopard and lion presence and density varied amongst the five sample sites (Table 
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3.2). However, as wild dog in our five sample sites used prey species and prey mass in a similar 
pattern, irrespective of sympatric carnivores, the use of extrapolation is justified.  
The paucity of studies unravelling the complex interspecific interactions between large 
predators that incorporate intraspecific interactions is surprising. Considering the difficulty 
and absence of controlled experiments, elucidating the influences of exploitation competition 
is challenging (Allen et al., 2017). To our knowledge, our undertaking into the investigation of 
the resource partitioning amongst a large carnivore guild in context of the inclusion of inter- 
and intraspecific competition in the prediction of an intact guild on a small protected area is 
novel. 
Our research highlights the need to assess the influence of competitive forces in structuring 
and restoring large predators to portions of their historical range. Also, our findings contribute 
to the interlinked relationships and drivers of large predator foraging behaviour. As expected, 
restoring intact assemblages will alter the status quo, however identifying prospective threats 
and opportunities of a potential reintroduction before reintroduction, will assist in making 
perceptive decisions that should ultimately benefit the candidate species.  
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Introduction 
The aim of this study was to provide insight into the feasibility of reintroducing African wild 
dog (Lycaon pictus) (wild dog hereafter) to a small geographically discrete area, by gaining an 
understanding of the species foraging behaviour and potential coexistence with a resident 
large carnivore guild. This chapter describes this study’s contribution towards progressing our 
knowledge of wild dog and other large carnivore predator-prey relationships. Furthermore, I 
discuss the management implications of prospective inter- and intraspecific competition in 
context of a wild dog reintroduction to Phinda. Future research opportunities, knowledge 
gaps, potential shortcomings and limitations of this research are provided.  
The influence of protected area size is an important factor constituting large carnivore species 
survival (Wolf and Ripple, 2018), often more so than the species population size (Woodroffe 
and Ginsberg, 1998). However, African protected areas are increasingly becoming 
geographically isolated as a response to rapid human expansion (Newmark, 2008), thus, 
exposing large carnivores to greater risks of extinction through the increased incidence of 
edge effects (Woodroffe and Ginsberg, 1998). As large carnivore life history traits are 
characterised by wide ranging tendencies (Chapron et al., 2014), low population densities 
(Creel and Creel, 1996) and the dependency on specific prey species (Hayward and Kerley, 
2008), disrupting connectivity between sub-populations can have profound adverse effects 
on large carnivore persistence (Cushman et al., 2016).  
Despite the challenges associated with conserving large carnivores in fragmented landscapes, 
there has been an emerging interest to restore large African carnivore populations to parts of 
their former ranges from which they have been extirpated (Hayward, O’Brien, Hofmeyr, and 
Kerley, 2007; Miller et al., 2013; Somers, Graf, Szykman, Slotow, and Gusset, 2008). These 
restoration events have predominantly been achieved through reintroduction efforts as a 
result of an amplified awareness to conserve biodiversity in the face of species declines and 
losses (Seddon, Strauss, and Innes, 2012). It is likely that reintroduction and reinforcement 
attempts will continue to increase (Snyder et al., 1996) as it may be a useful conservation 
mechanism in the recovery and restoration of many endangered species (Griffith et al., 1989). 
However, a considerable number of species reintroductions have been unsuccessful (Jule, 
Leaver, and Lea, 2008; Wimberger, Downs, and Perrin, 2009; Bennett et al., 2013) and the 
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actual long-term conservation benefits are often uncertain (Slotow and Hunter, 2009; 
Nogués-Bravo et al., 2016).  
Considering the limited success of many reintroduction attempts, the lack of rigorous 
monitoring and evaluation has been repeatedly recognised as a major hindrance in promoting 
reintroduction as a sensible strategy to conserve threatened species (Burke, 1992; Fischer 
and Lindenmayer, 2000; Riedl, Mushinsky, and McCoy, 2008). In addition, it largely highlights 
the necessity to comprehensively identify and understand the factors that may influence a 
reintroduction outcome, and adequately address these factors or threats prior to 
reintroduction occurring (IUCN/SSC, 2013). The use of a priori assessments may contribute to 
anticipating reintroduction strategy outcomes through gauging the factors that may influence 
the probability of a successful reintroduction (IUCN/SSC, 2013). 
Many reintroduction attempts in Southern Africa have occurred on relatively small, 
geographically discrete protected areas (Hayward and Somers, 2009; Yiu et al., 2017). These 
spatially constrained environments are generally required to be enclosed by wildlife-proof 
electrified fencing to mitigate interactions between potentially dangerous species and 
neighbouring human landscapes. These artificial boundaries may assist in restricting dispersal 
and emigration of valuable species, but the risk-benefit cost of fences is yet to be established, 
as viewpoints surrounding the value of fences remains divided (see Creel et al., 2013, Packer 
et al., 2013). Fences may assist in facilitating trophic rewilding programs (Bull et al., 2018), 
but have also shown to catalyse a range of cascading challenges. For example, in the southern 
Kalahari, Botswana, it is believed that in excess of 100 000 blue wildebeest (Connochaetes 
taurinus) died through starvation, thirst and entanglement due to the erection of veterinary 
state fences, impeding ancient migratory routes (Gadd, 2012). Certain states and institutions 
are, however, encouraging the proliferation of fences, for example the 120 km fence 
surrounding Akagera National Park, Rwanda (Bariyanga et al., 2016). However, others are 
removing or reducing fencing to create larger permeability within landscapes for wildlife, such 
as the collaborative approach between the nations of Mozambique and South Africa, to 
establish the Greater Limpopo Transfrontier Park (Spierenburg and Wels, 2006; Gadd, 2012). 
The reintroduction of large carnivores into a series of small fenced protected areas in 
Southern Africa has presented the opportunity to further evaluate the feasibility of applying 
reintroduction as a conservation tool in small fragmented landscapes. The reintroduction of 
 114 
 
large carnivores to small artificially induced systems may be a contentious issue as resources 
available to support large carnivores are expected to be relatively more finite. For example, 
wild dog have been removed from various small fenced protected areas in South Africa such 
as Korongwe, Thanda, Kwandwe, and Shamwari Game Reserves due to their greater than 
anticipated impact on prey populations (W Beets 2013, pers. comm., 12 July). Small protected 
areas may often not accommodate the fundamental requirements for large predators (Miller 
et al., 2013; Ferreira and Hofmeyr, 2014), which may transpire into inappropriate 
reintroduction efforts with questionable contributions to the conservation of the species 
(Slotow and Hunter, 2009). 
The lack and suitability of available prey has been suggested to be a reliable predictor of 
unsuccessful reintroduction outcomes (Wolf and Ripple, 2018). Understanding the feeding 
requirements of a reintroduced species is therefore important to prevent the occurrence of 
disproportionate rates of mortality through the artificial creation of “ecological traps” 
(Delibes, Gaona, and Ferreras, 2001; van der Meer et al., 2014). As large carnivores generally 
use similar type resources in terms of prey, the extent of competition is expected to influence 
a reintroduction outcome. The influence of competition on a potential reintroduction species 
is expected to be greatest when there is a large dietary overlap, particularly when resources 
are finite (Harihar, Pandav, and Goyal, 2011; Mondal et al., 2012). It has further been 
suggested that wild dog restoration efforts should avoid landscapes that harbour dense 
populations of trophic superior competitors (Creel, 2001; Webster, McNutt, and McComb, 
2012). I, therefore, set out to gauge the feasibility of reintroducing wild dog to a small 
enclosed system – Phinda, by characterising the foraging requirements of wild dog and 
potential for dietary niche overlap with a sympatric carnivore guild.   
Key research findings  
Understanding and quantifying a large carnivores’ feeding behaviour is a key component in 
determining its functional significance in an ecosystem, both in terms of its top-down 
influence on potentially valuable prey species, but also its relationships with sympatric 
carnivores (Klare, Kamler, and MacDonald, 2011; du Preez et al., 2017). My foremost objective 
was, therefore, to gain an understanding of wild dog foraging behaviour on small fenced 
protected areas. This was achieved by using direct observations of kills and feeding events of 
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reintroduced wild dog on five fenced small protected areas in northern KwaZulu-Natal, South 
Africa. My results suggest that the most abundant medium sized ungulates contributed the 
greatest proportion towards wild dog diet, a parallel characteristic of wild dog diet observed 
in larger (> 100 km2) protected areas (Owen-Smith and Mills, 2008). Nyala (Tragelaphus 
angasii) and impala (Aepyceros melampus) collectively comprise 75 % of kills made by wild 
dog in our five sample sites and are, therefore, considered to be principal dietary items 
(Petrides et al., 1975; Landman, Schoeman, and Kerley, 2013). Comparably, nyala and impala 
are, in addition, the most abundant prey species available on Phinda, suggesting that the 
Phinda prey base composition is reflective of other wild dog restoration sites.  
Wild dog did not use species at random and showed a high preference for nyala, suggesting 
that the utilisation of this species is disproportionally large in comparison to its proportional 
abundance in the system. Very large potential prey species such as giraffe (Giraffa giraffa), 
buffalo (Syncerus caffer), plains zebra (Equus quagga) were actively avoided. However, the 
affinity towards nyala was biased towards the utilisation of female and subadult individuals. 
The partiality towards a particular prey age or sex demographic may be an innate behavioural 
adaption to circumvent costly injury associated hunts (Clements, Tambling, and Kerley, 2016). 
For example, through sexual dimorphism, the larger horned male nyala possess weaponry 
defence, absent in female nyala, suggesting a profitability-risk trade-off made by hunting wild 
dog.  
The use of artificial boundaries to enclose protected landscapes in South Africa and elsewhere 
is useful to separate human activities from wildlife. However, it is uncertain how constraints 
imposed by fences influence biologically innate behaviours such as foraging habits. Contrary 
to other studies investigating the influence of hard boundaries on smaller protected areas, 
the upward bias caused by fences on prey mass selection was inconsistent across sample 
sites, but half of the observed prey kills occurred within 200 m proximity of fences. Phinda is 
relatively larger than the four of the five sample sites used to obtain wild dog foraging 
behaviour data. However, fence to area ratio is relatively high due to the protected area 
layout (see Figure 3.1). Wild dog are therefore expected to encounter fences frequently. The 
modification of wild dog hunting behaviour in the context of “fence aided” hunting can be 
addressed through protected area expansion and reduction in fence - area ratios. The effects 
that large carnivores impose on ecosystems may vary from one system to another (Ford et 
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al., 2015). The wild dog foraging behaviour in the five small protected areas is similar to that 
observed in larger open systems, and fences in our sample sites showed marginal evidence of 
any management induced niche shifts or constraints imposed by fences and fragmentation. 
This suggests that reintroducing wild dog into small protected areas is feasible in context of 
the candidate protected area sustaining a suitable and sufficient prey assemblage. 
Extensive competitive interactions amongst sympatric species may further influence 
reintroduction outcomes (Roth, Murray, and Steury, 2008; Ferreira and Hofmeyr, 2014; 
Moseby, Lollback, and Lynch, 2018). Therefore, the second objective was to understand and 
predict the potential for dietary competition amongst a large carnivore guild. As large 
carnivores play a significant role in community functioning, an understanding of their diets, 
potential degree of competition and coexistence is essential for developing effective 
conservation strategies (Estes et al., 2011; Lovari et al., 2014; Ripple et al., 2014). To my 
knowledge, no other study compares the interspecific dietary dimensions that includes the 
intraspecific dietary characteristics of a large African carnivore guild.  
Wild dog employ distinctive evolutionary adaptions to avoid encounters and reduce 
competition within an ecosystem (Creel, 2001; Vanak et al., 2013; Jackson, 2014). As small 
protected areas in South Africa such as Phinda are enclosed by electrified wildlife-proof 
fencing, the confined nature of these small management induced systems may elevate the 
probability of costly competitive interactions with competitively superior carnivores. The 
restoration of a species may have profound influences on co-occurring species and initiate 
acute responses. For example, wild dog in southern Zimbabwe experienced a reduction in 
mean pack size, and reduced pup recruitment as a result of lion (Panthera leo) induced pup 
mortality (Groom, Lannas, and Jackson, 2017). This was a result of restoring the lion 
population. Therefore, a subordinate meso-carnivore such as wild dog can be regulated by an 
apex predator such as lion.  
My results show that large African carnivores in small protected areas are exposed to 
considerable overlap in dietary resource utilisation. Amongst the four large carnivore study 
species, wild dog packs and reproductive cheetah (Acinonyx jubatus) females with dependent 
offspring displayed the greatest potential for dietary overlap. At the species level, lion and 
leopard (Panthera pardus) indicated greater levels of dietary plasticity. Hayward and Kerley 
(2008) quantified large carnivore dietary overlap at the species level, and obtained similar 
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results to ours, suggesting that wild dog and cheetah use similar resources. Leopard and lion 
have broader dietary niches than cheetah and wild dog. Leopard abundance and distribution 
are relatively unaffected by interspecific competition induced by lion populations (Balme et 
al., 2017). Dietary niche separation as observed in our sample site has been suggested to 
contribute towards facilitating the species co-existence (du Preez et al., 2017).  
The competitive forces enacted by lions are believed to have contributed toward the localised 
extinction of wild dog populations in the Serengeti (Swanson et al., 2014). However, lion and 
wild dog displayed insignificant levels of dietary overlap in KwaZulu-Natal. Wild dog employ 
strategies to avoid dense lion populations (Darnell et al., 2014), therefore, the proposed 
reintroduction of wild dog is contingent on the availability of prey with sufficient refugia to 
avoid excessive encounters with lion. Principles dictating cheetah and lion coexistence have 
indicated contrasting results (Durant, Kelly, and Caro, 2004; Vanak et al., 2013; Swanson et 
al., 2014). Cheetah have been shown to have little dietary overlap with lion in our sample site 
and may therefore have contributed to species co-existence. The Phinda cheetah are believed 
to avoid antagonistic encounters with lions by selecting habitats mediated by trade-offs 
between lion avoidance and resource availability (Rostro-García, Kamler, and Hunter, 2015). 
Cheetah habitat use was highly correlated with high prey densities. However, they selected 
for low prey density areas for making kills (Rostro-García et al., 2015). Wild dog have shown 
similar attributes, by selecting for low prey density areas as a competition avoidance strategy 
(Mills and Gorman, 1997). Wild dog and cheetah are expected to use similar resources as 
indicated in this study, therefore, the reintroduction of wild dog to Phinda is expected to 
overlap and influence the foraging behaviour of cheetah.  
I predicted the long-term density and abundance of wild dog on Phinda and suggested, based 
on the availability of preferred prey biomass, that wild dog density or abundance should not 
exceed seven individuals. Small founder populations are inequitably susceptible to stochastic, 
environmental, and genetic vulnerability (Shaffer, 1981; le Roex et al., 2018). Therefore, 
together with the high density of resident superior large carnivores, a reintroduced 
population of wild dog to the protected area is expected to be vulnerable to wide array of 
top-down and bottom-up forces. However, this may work in favour of management strategies 
in context of preventing population explosions as observed with reintroduced species 
elsewhere (Miller and Funston, 2014; Bull et al., 2018; Moseby et al., 2018). An important 
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factor contributing to reintroduction outcomes, is the sequence that large carnivore species 
are reintroduced. Termed priority effects (Shulman et al., 1983), conservation practitioners 
are expected to pay particular attention to the timing and order in which communities are 
established (Ferreira and Hofmeyr, 2014). For example, if a competitively superior species 
population is relatively large, prior to the integration of wild dog to the community, it can 
contribute to inhibiting the establishment of a wild dog population. However, lion were 
restored to Phinda in 1992 and have since successfully bred. Removing lion to promote the 
recovery of wild dog on the protected area, therefore, seems unintuitive, as the temporary 
removal of lion will likely adversely influence the tourism product, conservation funds and 
threaten the likelihood of lion re-establishment.  
The diet and potential competition with spotted hyena (Crocuta crocuta) was not determined. 
The diverging strategies and outcomes of spotted hyena and wild dog interactions vary form 
system to system (Creel, 2001; Webster et al., 2012; Darnell et al., 2014). The low population 
of spotted hyena on Phinda is expected to not compete much with wild dog and most likely 
will not threaten the viability of a successful reintroduction attempt. However, spotted hyena 
are becoming increasingly more common on Phinda (Hunnicutt, 2017). It is uncertain how 
this species would influence a wild dog reintroduction. If hyena density and clan sizes exceed 
spatio-temporal thresholds, will most likely jeopardise a wild dog reintroduction attempt, 
particularly because of the estimated low wild dog carrying capacity.  
Dietary niche overlap is one of numerous niche dimensions used to characterise resource 
partitioning and potential competition within a community. Understanding how behavioural 
adaptions such spatial and temporal axes influence a wild dog reintroduction to Phinda will 
provide for greater clarification in context of predicting the restoration outcome.  
Knowledge gaps and future research opportunities 
While this study answered a number of questions regarding wild dog ecology in small 
protected areas, additional questions remain unanswered. Knowledge gaps have been 
identified of which future research efforts should focus on the following:  
Determining prey preferences are compounded by being primarily dependent on known 
consumer utilisation and resource availability ratios (Jacobs, 1974; Louw et al., 2012). Despite 
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being extensively applied in determining preferences, availability of a resources may be 
subjectively defined. Foraging indices used have primarily assumed that all prey within a 
confined area are equally accessible to a predator. The inferences generated from such 
studies may be context dependent, as the use of scale largely influences the fundamental 
parameters of such selection indices (Tambling et al., 2010). As many potential prey species 
are gregarious in nature, Fryxell et al. (2007) argue that prey social grouping stabilises 
functional predator prey interactions. Encounter rates of potential prey species in the 
Serengeti National Park, in northern Tanzania follow power curves in that high prey densities 
do not necessarily interoperate into linear relations (Fryxell et al., 2007). This further suggests 
that the incorporation of absolute prey population size in selection indices may over-estimate 
certain prey species accessibility.  
The estimation of prey availability may also show contrasting patterns on the spatial scale 
employed (Beyer et al., 2010). Prey availability defined by home range of a predator may 
differ from more broad scale, for instance using the absolute prey availability in a protected 
area. The use of alternative scales of prey availability has received little attention when 
addressing and predicting large predator diets. Availability defined as prey aggregation, prey 
detection, spatial scale of use and perhaps prey-predator temporal overlap may be an 
important element in determining more robust patterns of prey preference. It is likely and 
intuitive that not all prey will be accessible to wild dog. As wild dog may select certain habitats 
above others (Shumba et al., 2018), prey availability for instance within a wild dog home range 
opposed to the entire protected area may more accurately reflect the processes that govern 
prey selection. In order to determine influence of scale in prey preference estimates, it is 
expected that by comparing various modes of prey availability will aid in generating improved 
estimates of prey preference. 
Understanding the relationship between spatial distribution of an animal and its habitat 
performs a central role in assessing the feasibility of a reintroduction candidate species 
(Imam, Kushwaha, and Singh, 2009). The effective conservation management of a proposed 
wild dog reintroduction to Phinda may largely depend on the ability to understand and predict 
the species-habitat interactions (e.g. Schadt et al., 2002; Thatcher, van Manen, and Clark, 
2006; Martinez-Meyer et al., 2006). Identifying the key factors affecting the distribution and 
relative abundance of a focal species may assist in developing and guiding the reintroduction 
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planning process, but also improve our understanding of a species realised and potential 
niche (Schadt et al., 2002).  
Habitat selection is governed through a hierarchical process involving a series of innate and 
learned behavioural decisions made by wild dogs about which habitat to use at different 
scales (Krausman, 1999). As landscapes may be heterogenous in nature, habitat selection may 
be disproportionately biased towards containing the sum of specific resources that are 
required for the species survival and reproduction (Thomas 1979; Chalfoun and Martin 2007). 
In Phinda, the perimeter fence used to contain large mammals restricts the hierarchical order 
of habitat selection that may transpire in open ecologically intact systems. Wild dog have 
exceptionally large home range sizes (Woodroffe and Ginsberg, 1999). The mean wild dog 
home range size (537 km2) in the Kruger National Park (Mills and Gorman, 1997) is 
significantly larger than the total size of Phinda by more than two-fold. Incidentally, the large 
habitat requirement of wild dog questions the spatial compatibility of small protected areas 
for wild dog reintroductions. Geospatial technology may assist in quantifying habitat available 
to wild dog on Phinda by associating and extrapolating presence data with that of patterns in 
the landscape and the outcomes interpreted as a function of habitat suitability (Boyce and 
McDonald, 1999). Furthermore, understanding if bottom-up (resources) or top-down 
(competition avoidance) or simultaneous forces determine wild dog habitat selection 
patterns in small reserves may guide management making decisions and assess the feasibility 
of the proposed reintroduction.  
The dependence on biological data alone may not effectively address the threats to a species, 
particularly those primarily driven by social factors (Bruskotter et al., 2010). Human attitudes 
and values were regarded as the single greatest factor affecting the viability of restoring gray 
wolf (Canis lupus) populations in North America (Paquet, Strittholt, and Staus, 1999). 
Similarly, wild dog are often the least popular large carnivores amongst the game ranching 
community because of their perceived impact on wild ungulate populations (Lindsey et al., 
2005). Reintroduced wild dog have been captured and removed from several small protected 
areas in South Africa (e.g. Kwandwe, Shamwari, Korongwe, and Thanda Private Game 
Reserves). The various forms of wildlife utilization for commercial purposes may encourage 
conflict and trade-offs between financial and conservation objectives (Funston, Groom, and 
Lindsey, 2013). Nature based tourism is often used as a financial incentive to conserve large 
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predators despite the fact that these large predators consume prey that could otherwise be 
utilized in a different form. Wildlife managers and planners in these small protected areas 
have often focused on stocking species that are perceived to offer a return in value (Cousins, 
Sadler, and Evans, 2008). There seems to be an uneven representation in value of wildlife 
species as a result of demand driven factors, such as the desire to see the “Big 5”. The lack of 
appreciation for broader biodiversity may come at a cost due to wildlife managers unfittingly 
and biasedly stocking species to meet perceived demands (Maciejewski and Kerley, 2014). 
The differences in attitudes towards wild dog by conservation practitioners and the general 
public can potentially hinder conservation actions and efforts as these values and attitudes 
play a major role in acceptance of conservation activities (Karanth et al., 2008). Predicting 
reintroduction outcomes may therefore be better achieved through a multi-pronged 
approach, that includes recognising social, economic and ecological determinants (Gusset, 
Ryan, et al., 2008; Gusset, Maddock, et al., 2008). 
Concluding remarks 
Based on my results, Phinda can support a pack of wild dog. Phinda supports the primary diet 
items of wild dog. However, the reintroduction of wild dog to the Phinda ecosystem is 
expected to have competitive influences on other predator species of conservation concern 
through competition. The dependence on biological data alone, as employed by this study, 
may not effectively address the threats and conservation planning of a species, particularly 
those primarily driven by social factors (Bruskotter et al., 2010). Phinda is, therefore, 
encouraged to incorporate a multi-faceted approach that integrates biological, social and 
economic constituents into account to guide perceptive reintroduction conservation 
decisions. Furthermore, large carnivore influences do not act in insolation, thus an 
understanding of their combined effects will improve our understanding of large carnivore 
synergism in newly established communities.  
The reintroduction of wild dog to Phinda will ultimately contribute to expanding the range of 
the endangered wild dog. However, management will be required to manage a small 
population through intensive efforts.  
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Supplementary Material Appendix 2 
Table A1: The corrected prey biomass (kg) for pooled wild dog kills 
  Kills Uncorrected mass (kg) Corrected mass (kg) 
Species n Male Female Subadult Juvenile kg % 
Buffalo 3 650.00 520.00 364.00 156.00 313.56 1.41 
Bushbuck 8 60.00 36.00 25.20 10.80 334.80 1.50 
Bushpig 1 60.00 42.00 18.00 45.00 0.20 
Cane Rat 1 3.81 2.67 1.14 2.83 0.01 
Common 
Reedbuck 
11 70.00 51.00 35.70 15.30 527.63 2.37 
Grey 
Duiker 
14 17.00 21.00 14.70 6.30 228.15 1.03 
Impala 213 60.00 45.00 31.50 13.50 6742.80 30.30 
Kudu 26 225.00 155.00 108.50 46.50 2283.40 10.26 
Mountain 
Reedbuck 
3 30.00 24.00 16.80 7.20 75.60 0.34 
Nyala 190 108.00 62.00 43.40 18.60 8245.81 37.05 
Red Duiker  18 12.00 12.00 8.40 3.60 187.16 0.84 
Steenbuck 2 11.00 11.30 7.91 3.39 20.07 0.09 
Warthog 37 80.00 60.00 42.00 18.00 1279.20 5.75 
Waterbuck 4 260.00 180.00 126.00 54.00 429.10 1.93 
Wildebeest 20 250.00 180.00 126.00 54.00 1410.67 6.34 
Zebra 2 320.00 224.00 96.00 128.64 0.58 
  553         22254.41 100.00 
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Supplementary Material: Appendix 3 
Table A1: The mean prey species dietary contribution (% ± SE) of sympatric large carnivores and expected 95 % confidence intervals (CI) 
obtained by 1000 bootstrap iterations around the expected mean.  
Species Cheetah Leopard Lion Wild Dog 
  
Mean SE CI CI Mean SE CL CL Mean SE CI CI Mean SE CL CL 
Aardvark Orycteropus afer 
    
0.03 0.03 -0.04 0.10 0.32 0.11 0.10 0.55 
    
African Rock Python Python sebae 
    
0.53 0.38 -0.27 1.34 
        
Baboon, Chacma Papio ursinus 
        
0.03 0.03 -0.03 0.10 
    
Buffalo, African Syncerus caffer 
        
1.78 0.43 0.89 2.67 0.71 0.40 -0.16 1.59 
Bushbuck, Southern Tragelaphus angasii 
    
0.06 0.06 -0.07 0.19 
    
1.22 0.49 0.12 2.32 
Bushpig Potamochoerus larvatus 0.11 0.11 -0.12 0.35 0.38 0.29 -0.20 0.96 0.71 0.18 0.34 1.08 0.12 0.49 -0.15 0.39 
Cane Rat Thryonomys swinderianus 0.29 0.18 -0.08 0.65 0.71 0.40 -0.07 1.50 0.16 0.11 -0.06 0.39 0.12 0.12 -0.15 0.38 
Crocodile, Nile Crocodylus niloticus 
        
0.04 0.04 -0.04 0.13 
    
Duck, White-faced whistling Dendrocygna viduata 
    
0.08 0.08 -0.08 0.23 
        
Duiker, Common Sylvicapra grimmia 3.23 0.52 2.14 4.32 3.36 0.79 1.75 4.98 0.11 0.09 -0.07 0.29 2.45 0.91 0.43 4.48 
Duiker, Natal Red Cephalophus natalensis 2.50 0.57 1.32 3.67 3.48 1.23 0.92 6.04 0.14 0.07 0.01 0.28 2.94 1.17 0.28 5.61 
Eland, Common Tragelaphus oryx 
        
0.23 0.23 -0.26 0.72 
    
Galago, Greater Otolemur crassicaudatus 
    
0.32 0.32 -0.29 0.93 
        
Gerbil spp Gerbilliscus spp 
    
0.30 0.30 -0.33 0.92 
        
Giraffe, South African Giraffa giraffa  0.06 0.06 -0.06 0.17 1.15 0.63 -0.09 2.40 3.76 0.82 1.98 5.54 
    
Goose, Spurwinged Plectropterus gambensis 
    
0.03 0.03 -0.03 0.10 
        
Hare, African Savanna Lepus victoriae 0.24 0.11 0.00 0.48 
            
Hippopotomus, Common Hippopotamus amphibius 
        
0.11 0.11 -0.12 0.34 
    
Impala, Common Aepyceros melampus 42.39 2.31 37.75 47.02 23.60 2.64 18.38 28.81 3.39 0.72 1.91 4.86 39.87 3.92 31.18 48.57 
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Kudu, Greater Tragelaphus strepsiceros 3.32 0.62 2.12 4.52 0.59 0.42 -0.30 1.48 2.92 0.50 1.91 3.92 4.13 1.44 0.84 7.41 
Mongoose, Water Atilax paludinosus 
        
0.04 0.04 -0.04 0.13 
    
Mongoose, White-tailed  Ichneumia albicauda 
    
0.26 0.26 -0.27 0.80 0.06 0.04 -0.03 0.14 
    
Monitor, Nile Varanus niloticus 
    
0.03 0.03 -0.03 0.10 
        
Monkey, Vervet Chlorocebus pygerythrus 
    
1.09 0.48 0.12 2.06 
        
Nyala Tragelaphus angasii 34.85 1.81 31.14 38.57 40.75 3.56 33.26 48.24 21.28 1.52 18.19 24.36 35.09 6.03 21.87 48.30 
Porcupine, Cape Hystrix africaeaustralis 
    
0.95 0.58 -0.25 2.16 0.04 0.04 -0.04 0.13 
    
Reedbuck, Common Redunca arundinum 3.99 0.86 2.30 5.68 1.50 0.70 0.06 2.95 0.25 0.10 0.04 0.46 1.60 0.63 0.17 3.03 
Reedbuck, Southern Mountain Redunca fulvorufula 0.09 0.06 -0.04 0.23 0.21 0.21 -0.20 0.62 
    
0.46 0.31 -0.23 1.14 
Rhinoceros, White Ceratotherium simum 
        
0.23 0.12 -0.01 0.47 
    
Steenbuck Raphicerus campestris 0.50 0.19 0.11 0.89 
        
0.24 0.24 -0.27 0.75 
Suni Neotragus moschatus 0.06 0.06 -0.07 0.20 0.08 0.08 -0.08 0.23 
        
Warthog, Common Phacochoerus africanus 1.60 0.42 0.75 2.45 18.17 2.59 12.95 23.39 26.63 1.24 24.14 29.13 6.19 4.48 -3.56 15.93 
Waterbuck Kobus ellipsiprymnus 0.11 0.08 -0.04 0.27 
    
0.31 0.11 0.09 0.54 0.63 0.44 -0.33 1.60 
Wildebeest, Blue Connochaetes taurinus 5.15 1.28 2.57 7.74 1.01 0.63 -0.32 2.34 23.83 1.45 20.83 26.84 3.94 0.20 1.32 6.56 
Zebra, Plains Equus quagga 1.51 0.35 0.80 2.22 1.32 0.88 -0.39 3.03 13.59 1.37 10.82 16.37 0.29 0.20 -0.15 0.73 
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Table A2: Prey species preference of sympatric large carnivores on Phinda Game Reserve. Values are based on preference indices ranging from 
“-1” being highly avoided to “1”, indicating maximum preference.    
 
Species Cheetah coalition Cheetah female with cubs Cheetah solitary Leopard female Leopard male Lion male Lion pride Lioness 
Black Rhino -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 
Buffalo -1.00 -1.00 -1.00 -1.00 -1.00 0.45 -0.37 -0.56 
Common Duiker -1.00 0.86 0.93 0.94 0.88 -1.00 -0.10 -1.00 
Common Reedbuck 0.02 0.60 -1.00 0.21 0.54 -1.00 -0.53 0.10 
Giraffe -1.00 -1.00 -1.00 -1.00 -0.33 0.80 0.29 0.33 
Hippopotamus -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 
Impala -0.26 0.38 0.42 0.06 -0.46 -0.73 -0.89 -0.94 
Kudu 0.53 -0.04 -0.11 -0.46 -1.00 -0.12 -0.10 0.40 
Nyala -0.05 0.07 -0.16 0.26 0.36 -0.36 -0.19 -0.31 
Red duiker 0.32 0.52 0.34 0.71 0.72 -1.00 -0.68 -1.00 
Warthog -0.55 -0.86 -0.31 -0.21 -0.03 0.12 0.30 0.36 
Waterbuck 0.74 -1.00 -1.00 -1.00 -1.00 -1.00 0.27 -1.00 
White Rhino -1.00 -1.00 -1.00 -1.00 -1.00 0.11 -0.85 -1.00 
Wildebeest 0.60 -0.44 0.14 -1.00 -0.24 0.44 0.67 0.63 
Zebra 0.42 -0.45 -1.00 -1.00 -0.26 0.42 0.36 0.46 
 
 
 
 
